M.R. Amonov
G’.Q. Shirinov

ANALITIK
KIMYO
SXEMA VA JADVALLARDA

M.R. Amonov
G’.Q. Shirinov



ANALITIK
KIMYO
SXEMA VA
JADVALLARDA

MA’LUMOTNOMA

O’bekiston Respublikasi Oliy va o°’rta maxsus ta’lim vazirligi universitetlar
talabalari uchun qo’llanma sifatida tavsiya etgan

Buxoro-2019
UDK 543.06(075)



M.R. Amonov, G’.Q. Shirinov. Analitik kimyo sxema va jadvallarda: oliy
o’quv yurtlari talabalari uchun ma’lumotnoma. BuxDU: Ziyo Rizograf, 2019 —
286 b.

Ma’lumotnoma universitetlarning 5140100-biologiya ta’lim yo’nalishi dasturi
asosida yaratildi.

Ma’lumotnoma sifat va miqdoriy analizning umumiy va xususiy masalalariga
tegishli jadvallar hamda sxemalarni, gomogen va geterogen sistemalarda muvozanat
to’g’risidagi ma’lumotnomalarni 0’z ichiga olgan. Laboratoriya ishlarini o’tkazish va
masalalarni yechishda hisoblashlarni bajarish uchun kerakli ma’lumotlarni aks etgan
jadvallar, tipik masalalarni yechish namunalari keltirilgan.

Ma’lumotnoma universitetlarining 5140100-biologiya ta’lim yo’nalishi va
boshga oliy o’quv yurtlarining biologiya mutaxassisligi talabalariga mo’ljallangan
bo’lib, undan magistrantlar, aspirantlar hamda o’qituvchilar ham foydalanishlari
mumekin.

Tagqrizchilar:
t.f.n., dotsent M.S. Sharipov (BuxDU Kimyo kafedrasi)
kimyo fanlari bo’yicha falsafa doktori (PhD) M.A. Tursunov
(BuxDU Kimyo kafedrasi)
t.f.n., dotsent V.N. Axmedov (BMTI Tabiiy fanlar kafedrasi)

© M.R. Amonov, G’.Q. Shirinov, 2019
YJIK 543.06(075)



M.P. Amonos, I' K. [lluprHOB. AHaIUTHYECKAS XUMHUS B CXeMaxX M TaldJu-
Hax: CIPaBOYHMK IS cTYA. BY30B. — byxI'V: 3ué Puzorpad, 2019 — 286 ctp.

CnpaBo4yHMK cocTaBieH Ha ocHoBe mporpammbl 1o 5140100-nanpasienuro
00pa30BHUS OUOJIOTHH.

CrpaBOYHUK COAEPNKUT TAOJIUIBI U CXEMBbI, Kacaroluecs OOIIUX U YaCTHBIX
BOIIPOCOB Ka4€CTBEHHOTO M KOJIMYECTBEHHOTO aHaJIU3a, CBEJACHUSI O PAaBHOBECHUSAX B
TOMOTEHHBIX M TETEPOTCHHBIX CHCTeMax. [IpUBENeHB MPUMEPHI PEIICHHS THUIIOBBIX
3a/1a4, TaONHIBl, COACPIKANINE CBEACHUS JIJIS BBIOJHEHHS PACUYETOB IPH PEIICHUU
3a]1a4 U pOBeJIeHUE Ta00paTOpHBIX PaboT.

CrpaBoYHMK MpeIHA3HAYEH CTYyJICHTaM OUOJOTUYECKUX (PaKyIbTETOB YHUBEP-
CUTETOB U OMOJIOTMUYECKUX CIEIUATbHOCTEH APYTHX BBICIINX yUEOHBIX 3aBEICHHM.
Bynet mone3no MarucTpanTam, acliupaHTaMm, a TaKKe MPerogaBaTesIM.

UDC 543.06(075)

M. Amonov, G’. Shirinov. Analytical chemistry in the schemas and tables:
the reference book for the students of high schools. — BukhSU: Ziyo Risograph,
2019 — 286 p.

The reference book is consisted on the basis of the program of direction of
teaching 5140100-biology.

The reference book contains the tables and schemas tangent general and the
incidental questions of quality and quantitative analysis, information about equal
balances in homogeneous and heterogeneous systems. The examples of a solution of
sample problems, tables containing information for implementation of accounts for
reduced the problem solving and doing of laboratory operations.

The reference book is intended to the students of biological faculties of
universities and biological specialities of other higher educational institutes. It will be
useful for masters students, post-graduate students, and also teachers.



MUNDARIJA

KIRISH ottt ittt e e e e
SIFAT ANALIZL ottt et e e e e e e
1-jadval. Zamonaviy analitik kimyoning tuzilishi .....................
2-jadval. Analiz gilinadigan modda miqdoriga ko’ra analiz usullarining
KIasSIfIKatSIyasl . ... ..o e
3-jadval. Sifat analizining turlari . ......... ... .. ... .. .
4-jadval. Analitik reaksiyalarning belgilari ..........................
5-jadval. Kationlarni analitik klassifikatsiyalash usullari ..............

5.1-jadval. Kationlarning vodorod sulfidli analiz usuli bo’yicha klassifi-
N L] Y72 ]
5.2-jadval. Kationlarning kislota-asosli analiz usuli bo’yicha klassifika-
L] 177 5
5.3-jadval. Kationlarning ammiak fosfatli analiz usuli bo’yicha klassifika-
L] 177 ] 5
1-sxema. Vodorod sulfidli analiz usuli bo’yicha kationlarni guruhlarga aj-
Pt .
2-sxema. Kislota-asosli analiz usuli bo’yicha kationlarni guruhlarga ajra-
L1
3-sxema. Ammiak-fosfatli usul bo’yicha kationlarni guruhlarga ajratish . .

4-sxema. PO,* ionlari ishtirokida I-111 guruh kationlar aralashmasini ion
almashinish reaksiyalari yordamida ajratish .. ........................
6-jadval. | analitik guruh kationlarining xususiy reaksiyalari ............
7-jadval. | analitik guruh kationlarining sistematik analiz bosgichlari . .. . ..
5-sxema. | analitik guruh kationlarining sistematik analiz sxemasi . .......
8-jadval. Il analitik guruh kationlarining xususiy reaksiyalari . ...........
9-jadval. Il analitik guruh kationlarining sistematik analiz bosgichlari .. ...
6-sxema. Il analitik guruh kationlarining sistematik analiz sxemasi .......
10-jadval. I11 analitik guruh kationlarining xususiy reaksiyalari ..........
11-jadval. I11 analitik guruh kationlarining sistematik analiz bosqgichlari . . .
7-sxema. I11 analitik guruh kationlarining sistematik analiz sxemasi ......
12-jadval. IV analitik guruh kationlarining xususiy reaksiyalari ..........
13-jadval. IV analitik guruh kationlarining sistematik analiz bosqgichlari . ..
8-sxema. IV analitik guruh kationlarining sistematik analiz sxemasi ... ...
14-jadval. V analitik guruh kationlarining xususiy reaksiyalari ...........
15-jadval. V analitik guruh kationlarining sistematik analiz bosqichlari . . . .
9-sxema. V analitik guruh kationlarining sistematik analiz sxemasi . ......
16-jadval. VI analitik guruh kationlarining xususiy reaksiyalari ..........
17-jadval. VI analitik guruh kationlarining sistematik analiz bosgichlari . . .
10-sxema. VI analitik guruh kationlarining sistematik analiz sxemasi .. ...
18-jadval. I-VI analitik guruh kationlari aralashmasining sistematik analiz
bosqichlari .. ...
11-sxema. I-V1 analitik guruh kationlari aralashmasining analiz sxemasi. . .

10
11
11
11

12

13

13

15

15
16

17
18
20
21
22
24
25
26
28
29
30
34
36
37
41
43
44
47
49

50
56



19-jadval. Ba?* va Ag" tuzlarining turlicha eruvchanligiga asoslangan
anionlarning analitik klassifikatsiyasi ..............................
20-jadval. Kuchli kislotalar ta’sirida gazsimon mahsulotlar hosil giladigan
ANIONIAr .
21-jadval. Anionlarning oksidlanish-gaytarilish xossasi bo’yicha klassifika-
L] 177 ]
22-jadval. I analitik guruh anionlarining xususiy reaksiyalari ............
23-adval. Il analitik guruh anionlarining xususiy reaksiyalari ............
24-jadval. 111 analitik guruh anionlarining xususiy reaksiyalari . ..........
25-jadval. I-11l guruh guruh anionlarini bo’lib-bo’lib analiz gilish uchun
foydalaniladigan reagentlar va tegishli reaksiya mahsulotlari ............
26-jadval. I1-VI1 analitik guruh kationlarining soda eritmasi bilan reak-
SIValar . .o
27-jadval. Oltingugurt saglagan anionlar aralashmasining sistematik analiz
bosqgichlari . ... ...
12-sxema. SO4%~ SOs%", S,04%, S?aralashmasining analiz sxemasi .. ... ..
28-jadval. Galogenid-ionlar aralashmasining sistematik analiz bosgichlari . .
13-sxema. Galogenid-ionlar (Cl-, Br-, 1) aralashmasining analiz sxemasi . .
29-jadval. Azot saglagan anionlar aralashmasining sistematik analiz bos-
giChlari. . ..o
14-sxema. NO, -, NO3™ anionlar aralashmasining analiz sxemasi .........
15-sxema. Eruvchanlikka asoslangan organik birikmalar aralashmasining
ajratilishi . ...
16-sxema. Lak-bo’yoq materiallar analizi ...........................
17-sxema. Siloksan kauchuklaranalizi..............................
18-sxema. Siloksan reazinasi atsetonli ekstraktining analizi .............
Elektrolitlar eritmalarida muvozanat .............. .. ... ... .. .. ...,
Kislota va asoslarning eritmalarida muvozanat .......................
Geterogen sistemalarda muvozanat .............. ... .. ... . ...
Gidrolizlanadigan tuzlar eritmalarida muvozanat . . ....................
Bufer eritmalarda muvozanat ............ .. .. . . . .
Kompleks birikmalarning eritmalarida muvozanat ....................
Oksidlanish-gaytarilish jarayonlari .. ............ ... .. ... ... ... ...
MIQDORIY ANALIZ o\ttt ittt e e ettt e
1-sxema. Miqdoriy analiz usullarining klassifikatsiyasi ...............

2-sxema. Kimyoviy reaksiyalarning turlari bo’yicha titrimetrik analiz me-
todlarining klassifikatsiyasi........... ... i
3-sxema. Titrlash usuli bo’yicha titrimetrik analiz usullarining klassifika-
(5] 22 1
4-sxema. Ekvivalent nugtani gayd etish usuli bo’yicha titrimetrik analiz
usullarining klassifikatsiyasi .. ........ ... i

1-jadval. Gravimetrik analizusuli .. .......... ... ... ... ... .. .. ...

2-jadval. Kislota-asosli titrlash . . .. .......... ... .. ... ... ... ...
3-jadval. Cho’ktirishga asoslangan titrlash . .. ........................
4-jadval. Merkurimetrik titrlash .. ........ ... ... .

57

57

58
59
63
65

67

70

71
72
73
74

75
75

76
77
78
79
80
85
87
90
92
96
99
102
102

103

104



5-jadval. Kompleksonometrik titrlash ............... ... ... ... .. ..., 112

5-sxema. Oksidlanish-gaytarilishli titrlash usullari .. ................. 114
6-jadval. Permanganatometrik titrlash . ............ ... ... .. ... . ..., 115
7-jadval. Yodometrik titrlash . ........... ... ... .. . . 116
8-jadval. Yodxlorimetrik titrlash .. ....... ... ... ... .. ... ... ... ... 118
O-jadval. Bromatometrik titrlash . . . ........... ... .. ... 119
10-jadval. Nitritometrik titrlash .. ......... ... ... ... ... L 120
11-jadval. Xromatometrik titrlash . . .. ......... ... ... ... . L 121
12-jadval. Serimetrik titrlash .. ....... ... ... . .. . 122
Titrimetrik analizlda hisoblash formulalari .......................... 123
“Natijalarni statistik gayta ishlash” mavzusi bo’yicha tipik masalalarni

yechishnamunalari .......... ... . . 126
ANALIZNING OPTIK USULLARI .« « v vt vttt et e e e e e eeeen 131
1-sxema. Optik analiz usullarining klassifikatsiyasi .................. 131
2-sxema. Molekulyar-absorbsion analizusullari .. ................... 132
1-jadval. 1Q- va UB-spektroskopiyaning analizda qo’llanilishi . ... ....... 133
2-jadval. Kolorimetriya va fotoelektrokolorimetriya usullarining tavsifi .. 134
3-sxema. Tebranma 1Q-spektrlarining klassifikatsiyasi ................. 135
Spektroskopiya usullaridagi asosiy termin va tushunchalar ............ 136
3-jadval. Ba’zi struktur elementar va uglerod-uglerod bog’larning 1Q-soha-

sidagi xarakteristik tebranish chastotalari ... ......................... 137
4-jadval. Spektrning to’lqin uzunliklari va ularga tegishli ranglar ... ... ... 141
S-Jadval ... 141
S.A-jadval ... 141
4-sxema. Emission analizusullari . ............ ... ... .. o L, 142
6-jadval. Emission spektralanaliz ............. ... ... ... ... .. .. .. 143
7-jadval. Emission alangali fotometriya . .............. ... ... ....... 144
8-jadval. Flyuorimetriya . .......... ... e 145
5-sxema. Eritmadagi muallaq zarrachalar bilan ta’sirlanishda yorug’lik in-

tensivligini o’Ichashga asoslangan usullar ......................... 146
O-jadval. Turbidimetriya va nefelometriya usullarida miqgdoriy aniglash

USULIAIT o 147
6-sxema. Yorug’lik nuri ta’sirida molekulaning qutblanish hodisasiga asos-

langan usullar . . ... . 148
10-jadval. Refraktometriya va polyarimetriya usullarining imkoniyatlari. . 149
Fotometriyada konsentratsiyani aniglashning asosiy usullari ... ........ 150
11-jadval. Konsentratsiyasi %(um.)da berilgan spirt-suvli etirmalarning sin-

dirishko’rsatkichlari. ... ... ... .. ... . .. . .. . . 153
12-jadval. Dorivor moddalar suvli eritmalarning sindirish ko’rsatkichi fak-

tOrlari (F) . .o 154
ILOVALAR . ittt e e e et e e e e e 159
1-jadval. Turli haroratlarda suvning ion ko’paytmasi................... 159
2-jadval. Ba’zi kislota va ishgor eritmalarining zichligi va konsentratsiyasi. .. 160
3-jadval. Kislotalarning ionlanish konstantalari (kislotalik konstantalari) . .. 163
4-jadval. Asoslarning ionlanish konstantalari (asoslik konstantalari) ... ... 165

7



5-jadval. Buferaralashmalar .. ........... ... ... ... ... ... . ... .. ..., 167
6-jadval. Ba’zi elektrolitlarning termodinamik EKT va konsentratsion EKK

eruvchanlik ko’paytmasi, eruvchanligi S ............................ 170
7-jadval. Vodorod elektrodga nisbatan suvli eritmalardagi standart oksidla-

nish-gaytarilish potensiallari (E°) . ............ ... .. ... . .. 176
8-jadval. Noorganik ligandli komplekslar va ularning bargarorlik konstanta-

Jart (B) .o 188
9-jadval. Organik ligandli komplekslar va ularning bargarorlik konstantala-

T (B) oot 193
10-jadval. Titrimetrik analiz natijalarini hisoblash . ... ................. 196
11-jadval. Kislota va asosli indikatorlarning xarakteristikalari ........... 199
12-jadval. Adsorbsion indikatorlarning xarakteristikalari ............... 200
13-jadval. Matalloxrom indikatorlarning xarakteristikalari .............. 201
14-jadval. Redoks indikatorlarning xarakteristikalari................... 206

15-jadval. Metall ionlarini aniqlashda qo’llaniladigan organik reagentlar ... 207
16-jadval. Noorganik moddalarni aniglashda go’llaniladigan muhim orga-

nik reagentlar .. ......... . .. . . . . 216
17-jadval. Organik moddalarni aniglashda qo’llaniladigan muhim organik

reagentlar. . ... ... . e 252
18-jadval. Organik moddalarni aniglashda go’llaniladigan ba’zi noorganik

reagentlar. .. ... ... 260
ANALITIK TERMINLARNING QISQA LUG ATl .t vttt et et e i i 262
AHAJIMTUK KHMEHHMHI PUBOXJIAHMIIUTA V3 XUCCACHUHU KVYIITAH

OJIAMUIIAP . . . o ottt e e e e e e e e e e e 268
ADABIY OT L AR & v ittt ettt 277
COIEPHKAHMUE . . . ...t e e e e e s 278
(070 NV =1V 5P 282



KIRISH

Analitik kimyo oliy ma’lumotli biolog mutaxassislarni tayyorlashda muhim
o’rin tutadi, shuningdek, u biokimyo, molekulyar biologiya kabi fanlarni o’rganishda
tayanch bo’lib xizmat qiladi.

Har qanday fanni mukammal o’zlashtirishga yordam beruvchi omillardan biri
o’qitishning ko’rgazmali bo’lishidir. Analitik kimyoni o’rganishda kimyoviy analizga
tegishli turli hisoblash usullariga juda ko’p vaqt ajratiladi. Bu usullar asosan ta-
labalarning mustaqil ishlari orqali o’rganiladi va turli ma’lumotnoma materiallarining
bo’lishini talab etadi.

Analitik kimyo bo’yicha o’zbek tilida yozilgan ma’lumotnomalar yo’q. Shuni
inobatga olib, ushbu ma’lumotnoma yaratildi.

Magq’lumotnoma uch gismdan: sifat analizi, migdoriy analiz va ilovalardan
iborat.

Sifat analizi bo’limida sxemalar ko’rinishida analitik kimyoning umumiy ma-
salalariga oid ma’lumotlar, kation va anionlarning analiziga oid jadvallar va sxema-
lar, gomogen va geterogen sistemalarda muvozanatni hisoblash namunalari, shuning-
dek mustaqgil yechish uchun masalalar keltirilgan.

Migdoriy analiz bo’limi analiz usullarining klassifikatsiyasini aks ettiruvchi
sxemalarni hamda titrimetriya va gravimetriyaning asosiy tushunchalari yoritilgan
jadvallarni 0’z ichiga olgan.

Hajmiy va gravimetrik analizga oid asosiy hisoblash formulalari, miqdoriy
aniglashlar natijalarini statistik gayta ishlash bo’yicha asosiy ma’lumotlar va hisob-
lash namunalari keltirilgan. Bu bo’limning oxirgi qismida analizning optik usulla-riga
oid asosiy tushunchalar hamda hisoblashlar uchun zarur bo’lgan axborot materiallari
yoritilgan.

llovalar bo’limida kimyoviy-analitik aniqlashlarni o’tkazish uchun zarur bo’l-
gan amaliy materiallarni mujassamlashtirilgan jadvallar, analitik atamalarning gisqga
lug’ati hamda analitik kimyoning rivojlanishiga o’z hissasini qo’shgan olimlar hagida
ma’lumotlar keltirilgan.

Ma’lumotnoma analitik kimyoga oid kerakli barcha ma’lumotlarni qamrab
olmagan, shuning uchun talabalar fanni o’zlashtirishda tegishli darslik, qo’llanma va
monografiyalardan foydalanishlari zarur.



SIFAT ANALIZI

1-jadval
ZAMONAVIY ANALITIK KIMYONING TUZILISHI
Analitik kimyo —

moddalarning kimoviy tarkibi va tuzilishini

aniglash uchun qo’llaniladigan analiz usul-

lari va vositalari hagidagi fandir

A 4 A 4
Sifat analizi Migdoriy analiz

analiz qilinadigan ob’yekt gan- analiz qilinadigan ob’yekt tarki-
day tarkibiy gismlardan iborat- biga kirgan barcha yoki ayrim
ligi, tuzilishi, uning tarkibida gan- komponentlarning miqdori to’g’-
day funksional guruhlar borligi risidagi masalalarni yechadi
kabi masalalarni yechadi

\ 4

Analiz turlari
1. Element analiz — namunaning element tarkibini aniglash
2. Moddiy analiz — analiz qilinadigan komponentning bor yoki yo’qligini
aniqglash
3. Funksional analiz — funksional guruhlarni aniglash
4. Molekulyar analiz — kimyoviy birikmalarni aniglash (masalan gazlar
aralashmasining analizi)
5. Fazali analiz — bir jinslli bo’lmagan ob’yektdagi (masalan minerallarda)
qo’shimchalar analizi
6. 1zotop analizi — sun’iy elementlar tarkibidagi izotoplarni aniglash

Analitik kimyo usullarining klassifikatsiyasi:
e Kimyoviy

A 4
A

o Fizikaviy
e Fizik-kimyoviy
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2-jadval
ANALIZ QILINADIGAN MODDA MIQDORIGA KO’RA ANALIZ USULLARINING
KLASSIFIKATSIYASI

Analiz gilinadigan modda miqdori
Analiz usulining nomi Namuna massasi, | Namuna hajmi,
g mi
Makroanaliz Gramm-usul 1-10 10 - 100
Yarimmikroanaliz | Santigramm-usul 0,05-0,5 1-10
Mikroanaliz Milligram-usul 0,01 -10° 0,1-10%
Ultramikroanaliz | Mikrogram-usul 10°-10° 104 -10°°
Submikroanaliz Nanogram-usul 10°-1012 107 -10710

3-jadval
SIFAT ANALIZINING TURLARI

Bo’lib-bo’lib analiz qilish Sistematik analiz

Sistematik analizda ionlar aralashmasi
guruh reagentlari yordamida bir nech-
ta guruhlarga bo’linadi, so’ngra har
gaysi guruhdagi ionlar muayyan ket-
ma-ketlikda xarakterli reaksiyalar bilan
aniglanadi.

Guruh reagenti — bu ionlarning anali-
tik guruhlarini aniglashda va ajratishda
qo’llaniladigan reagentdir.

Guruh reagentiga qo yiladigan talab-
lar:

1. Tonlar guruhlarini amalda to’liq ajra-
tishi kerak;

2. Gurug reagenti ta’sirida ajratilgan
analitik guruhga ishlov berish oson
bo’lishi kerak;

3. Guruh reagentining ortigcha miqgdori
keyingi analiz jarayoniga halagit ber-
masligi kerak

Bo’lib-bo’lib analiz qilishda moddaning
tarkibi spetsifik reaksiyalar bilan aniglana-
di, bunday reaksiyalar yordamida boshqga
ionlar ishtirokida ham analiz gilinadigan
ionlarni aniglash mumkin
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4-jadval

ANALITIK REAKSIYALARNING BELGILARI

Analitik belgilar

Misol

1. Xarakterli cho’kma hosil bo’lishi

3Fe?* + 2[Fe(CN)e]* <« Fes[Fe(CNe)]2l

2. Eritma rangining o’zgarishi

Cu?* + 4NH3 « [CU(NH:J,)4]2+

(havorang eritma)

3. Gaz ajralishi

FeS + 2H* « Fe® + HySt

(xarakterli hid)

4. Issiqlik chiqishi yoki yutilishi

HCN + NaOH — NaCN + H,0
(issiglik chigishi bilan)

CaS0O, + 2H,0 — CaS04-2H,0
(issiglik yutilishi bilan)

5-jadval

KATIONLARNI ANALITIK KLASSIFIKATSIYALASH USULLARI

Analiz usuli

Analiz usuli nimaga asoslangan

Vodorod sulfidli analiz usuli
(5.1.-jadval)

Metall sulfidlarining turlicha eruvchan-
ligiga

Kislota-asosli analiz usuli
(5.2-jadval)

Kationlarning kislotalar (HCI, H,SO,) va
asoslar (NaOH, NH;-H,O) ga turlicha
munosabatiga

Ammiak-fosfatli analiz usuli
(5.3-jadval)

Kationlar fosfatlarining suvda va ammiak
eritmasida turlicha eruvchanligiga

12




5.1-jadval
KATIONLARNING VODOROD SULFIDLI ANALIZ USULI BO’YICHA
KLASSIFIKATSIYASI

: : Birikmalarning
Guruh Kationlar Guruh reagenti eruvchanligi
r Npat . Sulfidlar, karbonatlar*, xlo-
I I\Kﬂéya  NH, Mavjud emas ridlar va gidroksidlar* suvda
eriydi
(NH4).COs,
I Ba?*, Sr?*, Ca?* | NH3-H,O + NH,CI, | Karbonatlar suvda erimaydi
pH=19,25
(NH,)2S, _ . .
Fe**, Fe**, Cr*, Sulfidlar suvda erimaydi*,
11 A", Mn?*, Ni?*, | NH3-H20 + NH4CI, | lekin suyultirilgan mineral
Zn?*, Co* kislotalarda eriydi
pH=8-9
2+ 2+ 3+
grl:2+’|s_lng(l\’/)lsl ’ Sulfidlar suvda va suyulti-
v} ’ ’ H,S, HCI, pH =0,5 |rilgan mineral Kkislotalarda
Sb(l1l), Sb(V), erimaydi
As(I1D), As(V)
Xloridlar suvda va suyulti-
V Ag*, Pb?*, Hg,?* | HCI rilgan mineral kislotalarda
erimaydi

* Mg?* dan tashqari

** Cr¥*, AP sulfidlari suvda parchalanadi va eritmada mavjud bo’Imaydi
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5.2-jadval

KATIONLARNING KISLOTA-ASOSLI ANALIZ USULI BO’YICHA

KLASSIFIKATSIYASI

Birikmalarning

Guruh Kationlar Guruh reagenti -
eruvchanligi
| Na* K* NHq*, Mavjud emas Xlor_ldlar, sulfatla_r va gid-
roksidlar suvda eriydi.
[ Ag*, Pb?*, Hg»?* | 2M HCI eritmasi Xloridlar suvda erimaydi
1M H,SO, eritmasi + . .
2+ 2+ 2+
Il Ba“*, Sr<*, Ca C,HsOH Sulfatlar suvda erimaydi.
3+ 2+ 3+ : : i
AP, Zn**, Cr™, mo’l 6M NaOH erit- Gldro.k3|dle.1r suydg eri
vV Sn(ll), Sn(1Vv), masi + 3% H-0 maydi, lekin mo’l ishqor-
As(111). As(V) e da eriydi.
Fe?*, Fe3*, Mg?", Gidroksidlar suvda, mo’l
V Mn?*, Bi®*, mo’l kons. NH3-H,O | ishgorda va ammiakda eri-
Sb(ll), Sb (V) maydi.
Co Ni2*. Cd?* Gidroksidlar suvda mo’l
VI 2t L1t ' | mo’l kons. NH3-H,O | ishqorda erimaydi, lekin
Cu**, Hg A . o
mo’l ammiakda eriydi.
5.3-jadval
KATIONLARNING AMMIAK-FOSFATLI ANALIZ USULI BO’YICHA
KLASSIFIKATSIYASI
Guruh Kationlar Guruh reagenti Blrlkmalarr_]mg
eruvchanligi
I Ag*, Pb?*, Hg?* | HCI Xloridlar suvda erimaydi
" Sn?*, Sn(1V), HNO Metastibiat va metastanat
Sb(ll1), Sh(V) 3 Kislotalar suvda erimaydi.
Ba?*, Sr?*, Ca?,
" Mg?*, Mn?*, (NH4)2HPQ,, Fosfatlar suvda va mo’l am-
Fe3*, A", Cr¥*, | kons. NH3-H,O miak eritmasida erimaydi.
Fe3+
Co?*, Ni**, Zn** | kons. NH3- H,O X e
sida eriydi.
v Na* K* NHa* Mavjud emas Xloridlar, nitratlar va fosfat-

lar suvda eriydi.
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1-sxema

VODOROD SULFIDLI ANALIZ USULI BO’YICHA KATIONLARNI
GURUHLARGA AJRATISH

Analiz gilinadigan eritma

6n HCI

A 4

Eritma (I-1V guruh
kationlari)

2n NH; +
+ 0,6n HCI + H,S

A 4
Cho’kma (V guruh)
AgCl, PbClz, H92C|2

\ 4

A 4

Eritma (I-111 guruh Cho’kma (IV guruh)
kationlari) Cus, CdS, Hgs, Bi.Ss,
SnS, SnS,, Sh,Ss, ShySs
gaynatish, H.0, (3%-li), gaynatish,
NH4Cl +NH; + (NH4)2S Na,S + NaOH
A 4 A 4 A 4 A 4
Eritma Cho’kma (III guruh) Cho’kma (IVa guruh) Eritma
(1, Il guruh Cr(OH)3, Al(OH)s, FeS, Cus, Hgs, CdS, Bi,S3 (IVb guruh)
kationlari) NiS, CoS, MnS, ZnS SnS;%, ShS,*

NHs; + NH4CI + (NH4)2003

A 4

A 4

Eritma
Na*, K*, NH;*

Cho’kma (II guruh)
BaCQOg, SrCOs, CaCOs
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2-sxema
KISLOTA-ASOSLI ANALIZ USULI BO’YICHA KATIONLARNI
GURUHLARGA AJRATISH

Analiz gilinadigan eritma
6n HCI + 2n H,SO,

A 4 A 4
Eritma (I11-VI Cho’kma (I, II guruh)

guruh kationlari) PbCl;, PbSO,, BaSO,, CaSOs,,

SbOCI, SrSO4, SbO,ClI

2n NaOH + 3%-li H,0,

\ 4 A 4

Eritma (111, VI guruh) Cho’kma (IV, V guruh)
Al(OH)eS_, Zn(OH)42‘, Fe(OH)g, H,MnOs3, CO(OH)g,
Sn(OH)e?, Cro.2, AsO®, Cd(OH)s, Ni(OH),, Cu(OH),,
K*, Na*, NH,* Mg(OH),, ShO(OH);

2n Na2C03, NH; (1’1’10’1), t

\ 4 \ 4

Eritma (V guruh) Cho’kma (IV guruh)
[CU(NH3)4]2+, [Cd(NH3)4]2+, Fe2(OH),CO3, MnCOs,
[Co(NHa)s]**, [Ni(NH2)e]2* Mg2(OH),COs, ShO(OH)s
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3-sxema
AMMAK-FOSFATLI ANALIZ USULI BO’YICHA KATIONLARNI
GURUHLARGA AJRATISH

Analiz gilinadigan eritma

2n HCI
A 4 A 4
Eritma (I1-V guruh Cho’kma (I guruh)
kationlari) AgCl, PbCl,, Hg.Cl,
6n HN03
A 4 A 4
Eritma (I11-V guruh Cho’kma (II guruh)
kationlari) H,SnOs3, HSbO;

NHs(kons., mo’l) + (NHg),HPO,

A 4 A 4

Eritma (IV va V guruh Cho’kma (III guruh)
kationlari) Bas(POy4)2, Cas(POy4)2, Sr3(POy)2,
MgNH4PO4, MnNH4PO4, FE3(PO4)2,
A|PO4, FePO4, CrPO4, BIPO4

2n CH;COOH
A 4 A 4
Eritma (I11a guruh) Cho’kma (IIIb guruh)
Ba?*, Sr?*, Ca**, Mg#, FePQ,4, AIPO,4, CrPO,4, BiPO,

M I,]2+ Fez+
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4-sxema

PO43 IONLARI ISHTIROKIDA | — 11 GURUH KATIONLARI ARALASHMASINI
ION ALMASHINISH REAKSIYALARI YORDAMIDA AJRATISH

Analiz gilinadigan eritma

NH,OH

A 4

Cho’kma
B&3(PO4)2, C3.3(PO4)2,
MgNH4PO4, MnNH4PO4,
A|P04, FePO4, CrPO4,

2n HCI

A 4

A 4

Eritma
[Co(NH3)s]**, [Ni(NHs)e]*,
[Zn(NH;)s]**, K*, Na*

Eritma

BaZ+, C3.2+, Mg2+, Mn2+,
APR*, Fe® NH,", PO4*

kationit orqali o’tkazish

A 4

\ 4

lonit
kationlari

Elyuat
PO437

HCI ni yuvish

A 4

Eritma

Ba?*, Ca%*, Mg?*, Mn?*, AP¥*, Fe?*, NH,*
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7-jadval
| ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

K*, Na*, NHs*
Bosgichning Analiz bosgichlari
t/r
Alohida namunadagi NH;" ionlarini ishqor ta’sir ettirib, qizdirib
1 aniglash:

NH,* NaOH, A
4

>NH31

Alohida namunaga NaOH yoki Na,CO; eritmasi ta’sir ettirib,
2 gizdirib K* ionlarini topishdan oldin NH4* ionlarni yo’qotish:
NH.* NaOH (Na;COs), A NHat

3 Eritmani sirka kislota bilan neytrallash.

NaHC;H40s, Naz[Co(NO;)s), Na,Pb[Cu(NO,)s] reagentlari bilan 3
eritmadan K™ ionlarini topish:

4 K+ __NaHC4HO0p KHC4H4O0¢]
K+ —_Nag[Co(NOz)e] KoNa[Co(NO,)e] |
K+ __NagPb[Cu(NOz)e] K2Pb[Cu(NO_)e]|

Alohida namunadan KOH yoki K,COs eritmasi ta’sir ettirib, qiz-
5 dirib Na* ionlarini topishdan oldin NH," ionlarini yo’qotish:
NH.* KOH (KpCO3), A NHs1

6 5 eritmani sirka kislota bilan neytrallash.

K[Sb(OH)g], Zn(UO,)3(CH3COO)s reagentlari bilan 6 eritmada
Na* ionlarini topish:

7 Ng+ —KISb(OH)6]

Zn (U02 )3 (CH 3COO) 8

> Na[Sb(OH)¢] |

Na* > NaZn(UOz)g(CHg,COO)g- 9H20l
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O-jadval

Il ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

Ag*, Pb?*, Hg,?

Bosq![(/:hnlng Analiz bosqgichlari
r
2M HCl ta’sir ettirib II analitik guruh kationlarini cho’ktirish:
Agt —9 5 AQCll  EKpyq =178-107°
1 Pb#* "5 PhClo|  EKpyg, =16-107°
HgZ —"% 5 H:Clo|  EKyy,q, =13-107°
HCl saglagan cho’kmani suv bilan yuvish
) 1 cho’kmani issiq suv bilan yuvib qo’rg’oshin kationlarini ajratish:
PbClyy —H222 5 pp2
KoCrO4 yoki KI eritmalari ta’sir ettirib, 2 sentrifugatdan Pb%
kationlarini topish:
3 2+ KszO4
Pb" —2==4 5 PPCrO4|
Pbz —L5phly|
1 cho’kmaga NHj3 eritmasi ta’sir ettirib, Ag* kationlarini ajratish
va Hg,?* kationlarini topish:
4 AgCl] —NHsH20 o TAG(NH,),]* + CI (eritma)
Hg,Cloy —%s™20 5 THgNH,]CI| + Hg|
5 4 eritmaga kons. HNOs ta’sir ettirib, Ag* kationlarini topish:

[Ag(NH3)2]++C|7 kons.HNO4 N AgCll
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6-sxema

Il ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ SXEMASI

Ag*, Pb?*, Hgy?

HCI (2M)

|AgCl, | PbCl,,

ng2C|2
H,O, A
v v
Pb2* Ag*, Pb?*, Hg,**
KI K»CrO, ) NHsH:0 (25%-1i)
v v v v
lpblg leCfO4 [Ag(NH3)2]+, Cl- ng, lNHgHQC'
5 ) HNO3
JAQCI
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11-jadval
11 ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

Ba?*, Sr2*, Ca?*

Bosqgichning

tr Analiz bosgichlari

CsHsOH ishtirokida gizdirib 1,0 M H,SO, ta’sir ettirib III analitik
guruh kationlarini cho’ktirish:

Ba?* —12%08  BaS0,| EKpygo, =11-1077
Sz M0al 5 5180, EKgsp, =32+107

Ca2+__H2504, CoHsOH, & | CaS04] EKCaSO4 =25.107°

Il guruh analitik kationlari sulfatlarining cho’kmalariga qaynatib
Na,COj3 to’yingan eritmasi ta’sir ettirib, qayta cho’ktirish:

BaSOs, — 22222 5 BaCOs| EKpyco, =4,0-107°
SrS0,| — 22222 5 §1COs|  EKgieo, =11-107%
CaS0s| — 2238 5 CaC0s| EKcyeo, =38-107°

2 cho’kmani CH3;COOH eritmasi ta’sir ettirib eritish:
BaCO,| —HsCOH , pg2+
SrCO;3| CHiC00H | g o+
CaCO;| — MO, a2+

3 eritmaning alohida ulushiga K,CrOy eritmasi ta’sir ettirib Ba?*
kationlarini topish:

4 Ba2t —<2%9%  BaCro,)

Agar Ba?" ishtiroki tasdiglangan bo’lsa, unda u 3 eritmadan

K>CrQO4 eritmasi ta’sir ettirib ajratish.

4 sentrafugatning alohida ulushiga kalsiy sulfatning to’yingan erit-
5 masi (gipsli suv) ta’sir ettirib Sr?* kationlarini topish:
g2+ CaSO, to'yinganeritmasi N STSO4L

(NH4)2SO4 ning konsentrlangan eritmasining ta’sir ettirib 4 sentri-
fugatdan Sr?* kationlarini ajratish:
6 Sr2+ kons.(NH4)ZSO4 N SI’SO4l

Ca2t kons.(NH,4),SO,4 N [Ca(SO4)2]2_

6 sentrifugatga (NH,4).C,04 eritmasi ta’sir ettirib Ca?* kationlarini
7 topish:
Ca2+ (NH4)2C204, CH3COOH N CaC204l
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7-sxema
11l ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ SXEMASI

BaZ*, Sr?*, Ca?*

H,S04 (IM), C,HsOH, A

108

|BaSOu, |SrSO4, |CaSO,

Na,COs (to’yin.)

208

|BaCOs, |SrCOs, |CaCOs

CH3;COOH

@_

BaZ*, Sr?*, Ca?*

K,CrOq
1BaCrOy Sr?*, Ca?*
CaSO0; (to’yin.) (NH4)2SO4 (kons.)
v v v v
1SrsSO, Ca® J,SFSO4 [Ca(SO4)2]2+

(NH;).C204, CH;COOH

1CaC;04

30



IPALIS BpBIWWE BA

HT + 14P0d)*uz = _,YOdHT + ,,UZ€

“ ¢ "OdH%N
Tepiobyst “e[eiolsy “eury,oq bo IDHT + D8N + T{*Od)FUZ = *OJHNT + JOUZE
; 7
euny, 0yd 1j3uel bo T4HO)UZ = _HOT + .,UZ
Sip& obiy o4 +N (HO) HO®EN
UPSIPALIS BPIBIODYST BA BIOISEA 10BNT + TYHO)UZ = HO®NT + “[OUZ
0]
BUDLIq _ .
ueyoantd uiktb 1j3uer [1zib-b,03 ~ HOEN ‘uuezife +£lV ULIRZI[ Y
IyoAN[EIe QP (O] Aupundyy,, Ho N
Ow_</\o
HO OH
JHT + TOOO*HDUHO)IV = O'HT + _O0DHD + IV
euny oyo e Fed-e 3ed 113uei bp IDHTZ + . eNOODFHD LIV
+ 10BN + TOOD*HOUHO)V = O°HT + BNOOD*HD + IOIV
1pALI BPIB[RIO] H+T'0dIV = ,YOdH + , IV POMETEN
-SD] 1[yony] ‘Buny,0yo [[esty] bo TOH + [DBNT + TPOdIV = "OdH®eN + D1V
R T (HONV = HOS + IV
epiefIobyst eA ejo[s1y ‘3o ©Fes (HO) HO®BN
~SOX I3)0JUIE “euny,oyo jroure by [DeNE + TY(HONV = HO®BNE + DIV
BAO[[ LIB[eWE[3Ud) I[UOl BA IeA[Md[ow SUILIB[BAISYBIY JuIdedy uojy

TAVIVAISIIVIY AISNSAX ONINTHVINOLLVI HOAND JILI'TVNY Al

1paplg]

31



IpeIoq qIAeIOob BUD| 0Y>

1QuS + T8HZ = 9OuUsS + TD8H

BA [DH ‘euny,oyo bues-Suewiredif

1039 + TPND)R I uZ = [P(ND)RAISAT + IQuZE

bo 1qeqes Wspyoyo Suru Y Mous + T90%H = 4DBHC + J0US 1O%H
us
1p&10 epieliob T°0U§*H =_HOT + .S GoDEoN |
-st BA Bl0[sI ‘¥ury,oyd bra bo [DBNT + T9OUSH = HOEBNCT + 4DUS
O'H8 + _,/OIDT7 = “OfHE + HOO01+ 10T $0'SY"HN)
1pe}, 0 ebbues 13uel [1ys . o g
24 Surueunue epnynuw Auobys] O°HS + OUNI “O‘H
+YOS?eNE + YOID®BNT = NOmmm +HO®BNOT + €*0S)%1D JE[IYOAOIPISHO
IpALIS BpIe[Iobyst eA HA T"OdID = ,YOdH + .10 YOdHN o)
BI0]STY ‘BUD(, 01 [[BUEL ST, 03] IOH + [DBNT + TOd10 = "OdH%N + 1010
250 ©3essox 19) T5HO)DT = HO9 + 10T e
~Ojure ‘gun{,0yo [[3uel ,03-BIX YOS%eNE + T4HO)D = HOBNY + {(*0S)D
= §¢ u
guny, oo bo HE+ 1892 2 STH + 12 S*H
IDHT + 1SUZ = STH + 90Uz
S1r9 S119
H'O-N D=N-NH-"H"D
zn s3pprd ST c
woy ot nBuer (mb-ngsng NGz N ~gozmp " CHNZ] uoznI(
SHOD-HN-N=)" N—H?D uz
+
IpATID TPIND)AI uZE = _ [P(NO)d]T + 3T + ., UZE PRl
eprepiobyst ‘eunf.opo 1BWEL BO | 159 + TYAND)IUZE = [AND)I™SIT + FAOuZE
1pALIS P HOYHN TTPIND)dlfuz = _[°(ND)dlT + ,,uZ¢
R el : ; [P(ND)21e

nuoapp Suiupappl-7 |

32



qrexfe nwsiA 13epjoy [N

OHE + tFQUSTeNE + T1gz = TS(HONET + “OUSeNE

1pALIa TEOsVBY = ,3ve + _POsV c
epyerwwe  ‘euny.oyd I Su,0) 3 YOSYE 3 ONBY SV
pel ury.oyd> JI,.su, ONENE + TPOSVE3VY = EONSBV € + YOsVEeN
“ LI JHO + FOSV*H + 18V9 = OHE + ,3V9 + |HsV

epz9) zo,3ob 1jqeqes uedrejleb OTHE + UZ5 + SHSY = H6 +UZ€ +_fOSY zo 3ob ue3uejuey
eyoedijelow ysnwny Iuruol 3y + - € ue[iq ¢ ON3V + uz
1ze8 fysy uediokebiyo n_:wwu.a OHE + IDBNE + “IDUZE + |FHSV = [DH6 + UZE + *OSV* eN

1peob, 04 13uel 12+, HT + OSVH = O'HT + 1 + _*0sV Y

Su.0b 3 £ =pd . ISEURLL °]
I 38U OD sUIUISeWLID POA */ <H IHZ + wOmd\Nm\mz — ONEN + NH + NOmﬁz
fEOSVESY = 3 z z
1pAL12 ep HOVHN ‘BuDy|, 0y bueg LGRS AT R ‘ON3Y
‘ONEN + *ONHT + T*0SV*3V = FONBVE + O°H + “OSVEN
BUD 0U0 TP1ousleayd = ,q¥t + _,[°10us]
[[eIsLy  13epIpyeys uEMME wﬂu 9 z ) i 9 1 (1380) 1094
WL 1oep IDHZ + TP10USI“ N = 1099 + PIOuS]'H
peIsy quis euy, 0y4d
epuIs,.el [DH ‘IPR[.OQ [1SOY IS 109 +.,.8S + BN =3 + _[’1Ous] (21 ‘W) g
-eury oyd WQN.ESM mﬂmﬁ ug 9&20@ IDHT + Nﬁoﬁm + NﬁUWE — wz + TTUQWHNH.H .Hmzﬁo\/ﬂzﬂfhﬁo Al
KewysiioA BIO[SIY BpRUWILID Je3y
TPOuUS*H = _HOYV +,,US |
Buny, 0y brar bo ‘ (HOX) HO®EN
1DeNY + T"OUS"H = HO®BNY + "IOUS
(iperiuerepAog wreq epysid O%HE + ;*0uS¢ + 119z = {(HO)'dT + _,°OuSsE

-0} Tu 1 uepeArsyeal nq) 1pebryo ‘HOI'g LN

1UOADP SUIUIPAPDI-T |

33



1peAeiob zo Sob 11qeqes wysijue)
-Aeb eyoe3ysnwny 13epie[oy [[e}

JH9 + f0SVEH + 18v9 = O°HE + ,8V9 + |tHsV

z0,3ob ueduejureu

ysifeife Suupok unpe ¢, > Hd

+ [D3C + TOBNT + 10 + “0SVeN = [DHY + I3 + 'OsVeN

€
-our epis, ey wiste Surumor Sy O%HY + ,,UZT + memx\ =UZZ + HL + _OsY ue[iq {ONSV + uz
_*ONE +
+ T[P"OoNSVIS("HN) = *ON'HNE + ‘00T + _'OSV
BUD, 0yo [[eIsLyy 1j3uel bieg fEON"HN + SOOI
*ONHE + |
+ T[*"OYoSVE("HN) = CONPHNE + *00NZT + FOSV*H
1peIry O°HT + 1 + 08V = ,HE + 1T + _fOsV
e33uer a1 8u,0b eunue episeliieu O%HZ + 1> |

AV

1UOADP SUIUIDAPDI-T |

34



13-jadval

IV ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

ARt Zn?*, Cr3*, Sn?*, Sn(1V), As(111), As(V)

BOSq't(/:ang Analiz bosgichlari
Alohida namunadagi As(l11), As(V) ionlarini HClI muhitida rux
metali ta’sir ettirib aniqlash:
As (111), (V) —20HS o AgH,p
AgNO; bilan namlangan qog’oz il_&> Agl
1 (Gutsayt reaksiyasi) (qora)  AsH»(HgCl)]
/ AsH(HgCI)|
[HgCl;] bilan namlangan qog’oz _ AT —
(Zanger-Blek reaksiyasi) \ As(HgCl)s|
ASzHg3l
(sarg’ish-qo’ng’ir)
Qizdirilganda IV analitik guruh kationlariga H,O, ishtirokida mo’l
6M NaOH ta’sir ettirish:
Al NOH A j(OH); | —MTNaOH , rA(OH)e]*
znzr — MM, 7n(OH),| — N, [7n(OH).J>
2 Cr¥t —NOH , Cr(OH);| —™INOH H00.4 o cro,2-
Sn2+ NaOH Sn(OH)Zl mo'l NaOH, H202, A N [Sn(OH)G]Z,
Sn(1V) —NH 5 Sn(OH),| —™1INOH s 19n(OH)e]>
As(111) —NH A5O3 2924, AqQ,3-
As(V) —NOH , As03 —HO2.8 , AgO3-
2 eritmadan gizdirilganda NH4CI kristallari ta’sir ettirib, [AI(OH)e]*
gidroksoanionlarni ajratish:
3 [AIOH)sJ- —NHCLA . AJ(OH)s
[SN(OH)e]> — NP2 o Sn(OH),
2M HClI ta’sirida 3 cho’kmani eritish:
4 Al(OH);] —FL 5 AP+

Sn(OH).| — 15 [SnCls)>
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13-jadvalning davomi

5 ertimaga alizarin yoki natriy atsetat ta’sir ettirib AI** ionlarini

topish:
HO._ OH
Al

0" "o
. I OH
Al alizarin, NaOH= “O
i \

A3+ EHCOONa A1 (OH),CH3CO0 |

HCI muhitida temir girindilari bilan gaynatilgan 4 eritmaga simob
(1) tuzini ta’sir ettirib Sn(I'V) ionlarini aniqlash:

[SnCIG]zi Fe, HCI; A Sn2+ HgC|2 Hgl

3 sentrifugatga ditizon yoki Ks[Fe(CN)g] eritmasi ta’sir ettirib Zn?*
kationlarini topish:

N CoHs—N _C=N-NH-CgHs
[Zn(NH,),J?+ ditizon N\S*/Zns\r{ll
CeHs-HN-N=C" N-CgHs

[Zn(NHg)s > —XalFe6l o 7n,[Fe(CN)s]2|
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8-sxema

IV ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ SXEMASI

< > As(I11), As(V), Sn?*, Sn(1V), AI¥*, Cr3*, Zn?*

Zn, HCI NaOH (6M), H,0; (3%) |
TAsH;
AgNOB ASO43_, Sn032‘, CrO42‘, ZnOZZ_, AlOz_
1Ag
NH,4CI (krist.)
\ 4 \ 4
JAI(OH)s, AsO4%, CrO4%,
H,SnO; [Zﬂ(NH4)4]2+
HCI, 2M Ditizon,
xloroform
/5\ Al Rux ditizonat
N [SNCls]>
Alizarin
A\ 4
Alyuminiy alizarinat Fe, HCL, A
Sn?*
HgClg
\ 4
1Hg
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15-jadval

V ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

Mg?*, Mn?*, Fe?*, Fe3*, Bi®*, Sb(lll), Sb(V)

Bosgichning Analiz bosgichlari
t/r
Alohida namunadagi Fe(ll), Fe(lll) ionlarini tegishlicha K;[Fe(CN)s]
va K;[Fe(CN)s] reagentlari bilan aniglash:
1
Fezr sl , Fey[Fe(CN)e]2l
Fe3* —XalCsl , Fe,[Fe(CN)o]s|
H.0, bilan HNOg ta’sir ettirib, Sb(l11) va Sb(V) ionlarini ajratish:
2 Sb(111), Sb(V) —™%_5 HShO,|
Fe?t — O3, Fe3
3 2 cho’kmani HCI eritmasida eritish:
HSbOs| —*< [SbCle]
Nikel plastinkasida 3 eritmaga rux ta’sir ettirib, Sb(V) ionlarini aniq-
4 lash:
[SbCls]” —2"—> sb}
2 sentrifugatdan konsertlangan NH3-HO ta’sir ettirib, V analitik gu-
ruh kationlarini cho’ktirish:
: Mgz — 20 5 Mg(OH),|
Mn2t —NHaH0 o \inoH),|
Fe3* —MHsH0 5 Fe(OH),|
Bis* —NHsH20 o BioNOs)
5 cho’kmaga NH,4CI + 3%-li H,0, eritmasi ta’sir ettirib, Mg?* kation-
larini ajratish:
6 Mg(OH),| — 4= Mg?
Mn(OH),| —2£1H29 o Mno,-nH,0|
6 cho’kma tarkibi: MnO;,-nH,0O|, BIONO3|, Fe(OH)3]
6 sentrifugatga ammiakli bufer eritma ishtirokida NaHPO, ta’sir etti-
7 rib, Mg?* kationlarini aniglash:

Mgz+ NazHPO4| NH3H20+NH4CI N MgNH4PO4l

42




15-jadvalning davomi

6 cho’kmaga HNOj3 eritmasi ta’sir ettirib, Bi** va Fe3* kationlarini aj-
ratish:

BiONO;| — ™92 , pijs+
Fe(OH)s| — s Fed*
cho’kma MnO;-nH;0 |

8-bosqich bo’yicha olingan cho’kmani H,0, ishtirokida HNO; erit-
masi ta’sir ettirib, eritish:

MnOznH,0] —M93:H202 o ppp2+

10

9 eritmaga (NH,),S,0s ta’sir ettirib, Mn #*kationlarini aniglash:

11

8 sentrifugatga yangi tayyorlangan [Sn(OH)s]* ta’sir ettirib, Bi®* ion-
larini topish:

4-
Bi3+ [Sn(OH)s] N Bll
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9-sxema
V ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ SXEMASI

Ks[Fe(CN)s]

Fe?*, Fe®, Mn**, Mg*,

|Fes[Fe(CN)e]2 Bi®*, Sh(lIl), Sh(V)

K4[Fe(CN)s]

/D HNO; (2M)

N H:0; (3%)

v v v

iFe4[Fe(CN)6]3 Fe3+, an", M92+, Bi3+ lHSbOg

NHs-H,0 (kons), H,0; @ HCI <3>
| (kons)

|Fe(OH)s, MnO,-nH,0,
IMg(OH),, | Bi(OH)s [SbCle]

NH4C| Zn 4

\ 4
v lFe(OH)g, MnO,-nH,0, '
Mg?*, NH,* |Bi(OH)s 1Sb

Na,HPOy,
NH;3-H20, e HNO; (3M)
NH,4CI |

l L v

Mg2+, NH4+ MnO,-nH,O M92+, NH4+
VRN
HNOs (2M), H:0, (2%) @ [SN(OH)]* Ql/)

}

|
MnO, 4—@)— Mn2* |Fe(OH),, |Bi

HNO; (2M), AgNOs,
(NH4)25208
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17-jadval

VI ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ BOSQICHLARI

Cu?*, Hg?*, Co?", Ni?*

BOSq't(/:ang Analiz bosgichlari
IV analitik guruh kationlarining guruh reagenti (mo’l NH3-H,0)
bilan o’zaro ta’siri:
x cuzt —MINH3H0 o 1oy (NHa]lJ?
Hg2+ mo'l NH3H20 N [Hg(NH3]4]2+
Co?+ —MINHsH0 , TCo(NHg]e]2*
N2+ —MINHaH0 o TN (NHs]6]?*
2" 2 M H,SQO, ta’sirida ammiakatlarni parchalash.
2 eritmaga Na,S,05 ta’sir ettirib Cu?* va Hg?* ionlarini 1V analitik gu-
ruhining boshqga kationlardan ajratish:
3 Cu2+ N323203, A N CUZSL
Hg2+ Na23203, A N HgSl
Suyultirilgan HNOj3 da qizdirilganda 3 cho’kmani gisman eritib, Cu,S
4 ni HQS dan ajratish.
CupS| — N9 A o oy
Konsentrlangan NH3-H,O ta’sir ettirib 4 eritmadan Cu?" ionlarni to-
5 pish
cuzt —NHaH0 o ey (NH;L2
HCI ishtirokida bromli suv yoki zar suvi ta’sir ettirib 3 cho’kmani
eritish:
6 HgS| —22:H9 , [HgCl,] + 8]
HgSl konsHNO3; kons HCI N [HgC|2]
7 Sentrifugalab S| dan [HgCl.] ni ajratish.
SnCl, ta’sirida 7 sentrifugatdan Hg?* ionlarini topish
8

[HgCl,] —%2 5 Hg|

* 1-3 bosgichlar I-1V analitik guruh kationlari aralashmasining sistematik analizida bajariladi.
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17-jadvalning davomi

Amil spirt ishtirokida NH;SCN ta’sir ettirib, 3 sentrafugatdan Co?*

9 ionlarini topish:
Co?t — NS, (NH,),[Co(SCN)4]
Chugayev reaktivi (dimetilglioksim) ta’sir ettirib, sentrifugatdan Ni**
ionlarini topish
0--OH
0 dimetilglioksim H3C_C=N\ _,N:C—CH3
N > Ni
/N
HiC—C=N  N=C—Chj
HO--O
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10-sxema

VI ANALITIK GURUH KATIONLARINING SISTEMATIK ANALIZ SXEMASI

Cu?*, Hg?*, Co?*, Ni?*

NaOH (mo’l), H,0,

@

{Cu(OH),, |HgO, |Co(OH),, |Ni(OH).

NHs-H,O (25%, mo’l)

@_

[Cu(NH3)a]*", [Hg(NHs)a]**

[Co(NH3)s]?*, [Ni(NH3)e]**

H,S04 (2M)

Cu?*, Hg?*, Co?*, Ni?*

»LCUZS’ ngS ‘—@ Na,S,03 (krISt)
|
HNOs (2M) v
| co* N |—
¢2+ v Chugayev
Cu \HgS, IS reaktivi
NH3-H>0 Br, (aqua), < 10 NH4SCN, 11 >
(25%, mo’l) HCl, A C5H110H
[CU(NH3)4]2+ (NH4)2[Co(SCN)4] Nikel
dimetil-
o glioksimat
[HgCly] 1S
SﬂClz
|Hg
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18-jadval

| — VI ANALITIK GURUH KATIONLARI ARALASHMASINING SISTEMATIK ANALIZ

BOSQICHLARI
Bosq![;::mmg Analiz bosqgichlari
Alohida namunadagi NH, ionlarini ishqor ta’sir ettirib, gizdirib to-
1 pish:
NH4+ NaOH, A NH3T
Alohida namunaga Ks[Fe(CN)s] eritmasi ta’sir ettirib, temir(ll) ion-
2 larini topish:
Fe2r sl , e [Fe(CN)e]2y
Alohida namunaga K4[Fe(CN)s] eritmasi ta’sir ettirib, temir(l1l) ion-
3 larini topish:
Fe3+ —XalCsl , e [Fe(CN)o]sl
Alohida namunadagi Na,COs; ta’sirida qizdirib K* ionlarini topish-
dan oldin NH4** ionlarini yo’qotish:
A NH,* — 229034 o N1
Mem —N22993: 4 o yp1 v, VI analitik guruh kationlarining
oksidlari, gidroksidlari, karbonatlari va
asosli tuzlari cho’kmasi.
4 eritmani CH3;COOH eritmasi bilan pH~7gacha neytrallash. Bunda
IV analitik guruh gidroksoanionlari parchalanadi va cho’kma hosil
5 bo’ladi, uni sentrifugalab ajratiladi va keyingi analizda foydalani-
ladi:
[Me(OH)g]8 " —1sC91 5 Me(OH),|
HC4H4O0s, Naz[Co(NO,)s], Na,Pb[Cu(NO,)s] reagentlari bilan 5 erit-
madan K™ ionlarini topish:
6 K+ —NeHCaHO% , kHC,H,06)
K —NalCMN9)e] y i Na[Co(NO2)s]|
K+ —NagPICUMNOa)el <, PH[CU(NO,)s]|
Alohida namunadan K,COj3 ta’sirida qizdirib, Na* ionlarini topish-
dan oldin NH,4" ionlarini yo’qotish:
2 NH,* —<2028 5 NH,1

Mem —K299: & 111, v, VI analitik guruh kationlarining
oksidlari, gidroksidlari, karbonatlari va
asosli tuzlari cho’kmasi.
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18-jadvalning davomi

7 eritmani CH3;COOH eritmasi bilan pH ~7gacha neytrallash. Bunda
IV analitik guruh gidroksoanionlari parchalanadi va cho’kma hosil
bo’ladi, u sentrifugalab ajratiladi va keyingi analizda foydalanil-
maydi.

[Me(OH)ge " — SO o Ne(OH),|

K[Sb(OH)e], Zn(UO,)3(CH3COO)s reagentlari bilan 8 eritmadan
Na* ionlarini topish:

Na* —K520Oel o Na[Sh(OH)e]|

Na* —£0U92)s(CHsCOMs o Nazn(U0,)s(CH;COOH)s-9H,0|

10

Boshlang’ich eritmadan 2 M HCI eritmasi ta’sir ettirib II analitik
guruh kationlarini ajratish.

Agt — 5 AgCly
Pb2t — 1, phCl,)
Hg22+ H—CI) Hg.Cl,|

HCl saqlagan cho’kmani suv bilan yuvish.

11

Il analitik guruh kationlari aralashmasining analiz bosqgichlari sxe-
masi bo’yicha 10 cho’kmani analiz qilish.

12

C,HsOH ishtirokida gizdirib H,SO, eritmasi ta’sir ettirib III analitik
guruh Kkationlarini va Pb?* ionlarini cho’ktirish:

Bazt —12594.4 5 B3s0,|

S+ 22002 5 5rS0,|

Ca2+ HzSO4, CzH5OH, A N CaSO4l,

Pb? 2004, phso,|

H,SO, saqglagan cho’kmani suv bilan yuvish.

13

30 %-li NH4,CH3COO eritmasi ta’sir ettirib, so’ng sentrifugalab, 12
cho’kmadan PbSO4| ni ajratish:
PbSO,| —NHaCHC0 o 1phgo,-Ph(CHCOO),]

Sentrifugalangandan so’ng |11 analitik guruh kationlari sulfatlarining
cho’kmasi III analitik guruh kationlari aralashmasining analiz bos-
qgichlari bo’yicha analiz qilish.

14

Il analitik guruh kationlari aralashmasining sistematik analiz bos-
qichlari sxemasi bo’yicha 13 cho’kmani analiz qilish.
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18-jadvalning davomi

3 % li H,0O, ishtirokida mo’l 6M NaOH eritmasi ta’sir ettirib, 1V
guruh kationlarini V, VI analitik guruh kationlaridan ajratish:

AI3+ NaOH AI(OH)Sl mo'l NaOH N [AI(OH)6]3,
Znz —NOH o 7(0H),| —MTNaOH o 17n(0OH),J?>
Cr3+ NaOH CI’(OH)gl mo'l NaOH, Hzoz, A N CrO427

Sn2+ NaOH Sn(OH)Zl mo'l NaOH, Hzoz, A N [Sn(OH)6]2_

15
Sn(1V) —NH 5 Sn(OH),| — 1INy 19n(OH)e]?
As(l11) —NOH , A0z —H202.4 , AgO,3-
As(V) —NOH , AsQ3 —H292.4 , Ag0,3-
Bunda V, VI analitik guruh kationlari cho’kmalar hosil giladilar:
Fe(OH)s, Mg(OH)s;, MnO,-nH,0, BiOCI, SbO,Cl, Cu(OH),, HgO,
Nl(OH)Q, CO(OH)3
15 sentrufugatning alohida ulushiga HCI muhitida ruh metali ta’sir
ettirib, As(V) ionlarini topish (topishga Sh(l11), Sb(V) ionlari halagit
beradi):
As (1), (V) —22HS 5 AsHa1
AgNO3; bilan namlangan qog’oz AS—H3T> Ag]| (qora)
16 (Gutsayt reaksiyasi)
AsH,(HgCl)|
/, AsH(HgCI)2|
[HgCl;] bilan namlangan qog’oz _ AT —
(Zanger-Blek reaksiyasi) \ As(HgCl)s|
ASzHggl
(sarg’ish-qo’ng’ir)
Qizdirilganda NH4CI kristalllari  ta’sirida 15 sentrifugatdan
[AI(OH)e]%, [SN(OH)6]?* gidroksoanionlarni ajratish:
Y [AIOH)GJ> —NHC8  AI(OH),)
[SN(OH)s]> —NHaCA o g (OH),|
2 M HCl ta’sirida 17 cho’kmani eritish:
18 Al(OH);| —H 5 AP+

Sn(OH).} —H 5 [SnCls]>
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18-jadvalning davomi

19

18 sentrfugatga alizarin yoki natriy atsetat eritmalari ta’sir ettirib,
Al** ionlarini topish:

HO._ _OH
A
0

o | OH
AP alizarin, NaOH= “O

A3+ CHsCOONa_ A1 (OH),CH,CO0|

20

HCI muhitida temir girindilari bilan gaynagan 18 eritmaga simob
(IT) tuzi eritmasi ta’sir ettirib, Sn(IV) ionlarini topish:

[SnClg]> —FHkA o gpar  HIC, o g

21

17 sentrifugatga ditizon yoki Ky[Fe(CN)g] eritmasi ta’sir ettirib,
Zn?* kationlarini topish:
N CeHs—N .C=N-NH-CgHs
[Zn(NH3)4]2+ ditizon II\I\Z .S’ N

CeHs-HN-N=C~ ST CeHs

[Zn(NHg)s] —FalPNel 1 7n,[Fe(CN)]21

22

15 cho’kmaga H,0; bilan HNOj ta’sir ettirib Sb(V) ionlarini V, VI
analitik guruhning boshga kationlaridan ajratish:

SbO,Cl —M9%3:H292 , Hspo,)|

Bunda V, VI guruh kationlarining erimaydigan birikmalari quyidagi
kationlarining gaytarilishi bilan eriydi:

MnO,nH,0| —N93iH02 o 2+

CO(OH),| —N9siH29%2 o o2+

23

22 cho’kmani HCI eritmasida eritish:

HSbO3| —"<L 5 [ShCle]”

24

23 eritmaga nikel plastinkasida rux metali ta’sir ettirib, Sh(V) ion-
larini ajratish:

[SbClg] —£2— Sb|
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18-jadvalning davomi

22 sentrifugatga konsetrlangan NH3;-H,O ta’sir ettirib, V analitik
guruh kationlarini cho’ktirish:

Mg?" —=5T22 5 Mg(OH))
Mn2t —NHaH0 o \inoH),)
Fe¥* —Ne20 5 Fe(OH),|
)5 B3+ —NHsH20 o gioNo,)
Bunda VI analitik guruh kationlari ammiakatlar ko’rinishida eritma-
da goladi:
Cu(OH),| — 20 5 TCu(NHg] 2
HgO| — 225 [Hg(NHg]a)**
Co(OH),| — 20 5 1Co(NHs]e]?
Ni(OH),) —1H29 5 [Ni(NH;]e]2*
25 cho’kmaga NH4Cl+3% li H,0; eritmasi ta’sir ettirib, Mg?* ka-
tionlarini ajratish:
26 Mg(OH),| — Sy Mg?*
Mn(OH),| —2%H292 5 Mn0O,-nH,0|
Cho’kma tarkibi: MnO,-nH,O|, BIONOs|, Fe(OH)s|
27 sentrifugatga ammiakli bufer eritma ishtirokida Na;HPO, ta’sir
27 ettirib, Mg?* ionlarini topish:
Mg2+ NazHPO4, NH3H20+NH4CI N MgNH4PO4l
26 cho’kmaga HNOj eritmasi ta’sir ettirib, Bi* kationlarini ajratish:
28 BiONO;| —™9s , pjs+
Fe(OH)s| —™N9% , Fedt
Cho’kmada: MnO,nH0|
28 bosqich bo’yicha olingan MnO;-nH;O cho’kmani H,0, ishtiro-
29 kida HNOg eritmasi ta’sir ettirib eritish:
MnO,nH,0 | — N3 H202  pjp2+
29 eritmaga (NH4),S,0s ta’sir ettirib, Mn?* ionlarini topish:
30 Mn2+ —(NH4)25,0g; HNOg; AGNO; | MnO4
28 sentrifugatga yangi tayyorlangan Nas[Sn(OH)s] ta’sir ettirib, Bi%*
31 ionlarini topish:

Bj3* Na4[Sn(OH)g] N Bll
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18-jadvalning davomi

32 2 M H,SOq, ta’sirida 25 eritmadagi ammiakatlarni parchalash
32 eritmaga Na,S;0; ta’sir ettirib, VI analitik guruhning boshga
kationlaridan Cu?* va Hg?* ionlarini ajratish:
33 cu2t —NazS0s. 4 CusS|
Hg2+ Na28203, A N HgSl
Qizdirilganda suyultirilgan HNOs ta’sir ettirib, 33 cho’kmadan Cu,S
ni HQS dan ajratish:
34 :
Cu,S| —M9sid , o2+
Bu sharoitda HgS| erimaydi.
34 sentrifugatga konsentrlangan NHz-H,O ta’sir ettirib, Cu?* ionlari-
35 ni topish:
cuzt —NHaH20 o ey (NH,], 2
Qizdirilganda HCI ishtirokida bromli suv yoki zar suvi ta’sir ettirib
34 cho’mani eritish:
36 HgS| —B2:HA o racl,] + S|
HeS| kons HNO3; kons HCI N [HgC|2]
36 sentrifugatga SnCl, eritmasi ta’sir ettirib, Hg?*ionlarini topish:
37
[HgCl,] —"2— Hg|
33 sentrifugatga amil spirt ishtirokida NH;SCN eritmasi ta’sir etti-
38 rib, Co?" ionlarini topish:
Co?t —NHaSCN o (NH,),[Co(SCN)4]
33 sentrifugatga Chugayev reaktivi (dimetilglioksim) ta’sir ettirib,
Ni?* ionlarini topish:
7o
39 o H3C—C=N N=C—CHj
. dimetilglioksim \ o/
Ni > Ni
/ N\
H3C—C:I?I [}|;C_CH3
HO--0
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11-sxema

| — VI ANALITIK GURUH KATIONLARI ARALASHMASINING SISTEMATIK

v

\4

v

ANALIZ SXEMASI

Alohida namunalardan NH,4*, Fe?*, Fe3* kationlarini aniglash

Alohida namunadan NH,* ionlarini Na,CO3; yoki NaOH ta’-
sirida yo’qotish va eritmadagi K* ionlarini aniglash

Alohida namunadan NH," ionlarini K,CO; yoki KOH ta’si-
rida yo’qotish va eritmadagi Na* ionlarini aniglash

v

v

v

v

v

[EEN
o

v

v

[HEN
|

OO OOOHOOEE

v

2M HCI eritmasi ta’sirida II analitik guruh kationlarini
cho’ktirish va olingan cho’kmani tekshirish

IT analitik guruhni ajratib olgandan so’ng, sentrifugatdan II1
analitik guruh kationlarini cho’ktirish

5 cho’kmadan PbSOs ni ajratish va qolgan cho’kmani 111
analitik guruh kationlari uchun tekshirish

3%-li H,0O; eritmasi ishtirokida 6M NaOH ta’sirida IV gu-
ruh kationlarini V va VI guruh kationlaridan ajratish va hosil
bo’lgan eritmada ularni aniglash

Sb(V) ionlarini V va VI analitik guruhlarning boshga kation-
laridan ajratish

Konsentrlangan NH3-H,O eritmasi ta’sirida V va VI guruh-
larni ajratish (V guruh cho’kmada; VI guruh eritmada)

9 cho’kmani V analitik guruh kationlari uchun tekshirish
(Fe?*, Fe** dan tashgari)

10 eritmani VI analitik guruh kationlari uchun tekshirish
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19-jadval
Ba?* VA Ag* TUZLARINING TURLICHA ERUVCHANLIGIGA ASOSLANGAN
ANIONLARNING ANALITIK KLASSIFIKATSIYASI

Analitik Guruh

Anionlar : Cho’kmalarning xossalari
guruh reagenti

S04, SO4%, S,052, CO4%,

AsO, AsOs>, C,042, BaCl, Bariy tu_zlarini_ng cl_lo’kr_nalari
suvda erimaydi, lekin kislota-

2- 2\ QiN.2- ;

! Cro.*, (Cr:077), SI05™, YokI' 1 | rda eriydi (BaSO, dan bosh-
BO, (B40:%), F, 105, Ba(NOs). qa)
|O4_, PO43_, C4H4062_.
Cl Br.I~. CN-. SCN- AgNO; Kumush tuzlarining cho’kma-

1 e e ’ ' | lari suvda va nitrat kislotada
CsHsCOO, S HNO; da erimaydi.

" NO;~, NO27, CH3COO", Mavjud | Bariy va kumush tuzlarining
ClO4, BrOs~ emas cho’kmalari suvda eriydi.

20-jadval
KUCHLI KISLOTALAR TA’SIRIDA GAZSIMON MAHSULOTLAR
HOSIL QILADIGAN ANIONLAR

Eritmadagi anion Al ra“?n?;i]qsi?;%an gaz Analitik belgilari
CO3%; HCO5~ CO; Ohakli suvning loygalanishi
S03%7; S,03% SO, Yongan oltingugurt hidi
NO; NO, Qizg’ish-qo’ng’ir bug’lar
S%7; S0 ; S,05% H,S Palag’da tuxum hidi
CH;COO" CH;COCOH Sirka hidi

Br Br Qizg’ish-qo’ng’ir bug’lar

58




O°H +OS + 49 = Hy + ,OS + 147
ﬁ_ O°H +‘0S = ,H¥ + _'OS + 2T +
, ag = g7+ 27—

O'HY + {S™H + 14y = HOT + _,’OS + I8

’

59

I _ O°H ¥ + S*H = _HOI + _,’OS+ 28 +
14 J=_Ic+2C—
Ipefeile g ea I epuis ) "QSYH "Suoy]
(eprynut €QOHEN)
O%H +_I€ +_'0sV = [*I] + HOTZ + _fOsV
I _ Ie= [1l+az+
T YOSY = £€NS 27 —
! i R _E10€ + OMHL + 0T == 16 + HbIL +_OUD
OHS + ;U + 1°0D01 = ,HIT + YOUNT + _"O°DS c T = It + 27—
m_ OHY + ,,UN == H8 + "OUN + 26 + L O%HL + 10T = HV1 + ;04D +29 +
S 1'T00T = OO + 27— S ——
1€ + HZ+ OS = [f1l+ O'H + _fOS 1] + O*H + _fOsV = 1€ + HT + _['OsV
I Ie= [Tl +27+ I [1] = 1€+ 27—
L HT+ JJOS =2 OH + _f0S + 27— L OH + fOSV =2 HT + _['OSV + 2T +
AD[JOSIA |
IpeUR[ZISSURI BUNLID BPLIIS 8] YOUIATS 10K {] 1pe[ 0q opAed 13uel ] epLIs, g1 [
ysvpbiup nudpniavw vpvuiLLg
YON “,f0%S **0S *fOsV *,fO*D -, S 1 °1d 01 YOI _*ON *_fOsV *_jf0%D

JB[UOIUB-1YIANIEBIAE() JB[UOIUB-1YIAO[PISY O

ISVAISLVIIAISS VT VHOIX 04 ISYSSOX HSI'TIIVLAVO-HSINVIAISIO ONINYVINOINYV
jpApvl-17 ‘




Ipeysn} edeuny, 0yo Iseyoreq JuruLreuorue yning yuijeue youLnq epuis e} (Z(EQN)eg njoL) ZDeyg nusdea: ynuno .

ZO"S + _12="1T+ ,f0%ST

Ipeue[ZIs3uel ISeuniId ¢ q
PEtEL ; . ! ?0"S%N + IBNT = T + ‘O*S“eNT
OS
(A
ipeanue[eb4o] weunus 1g OH + |°0S + TS = t0*'S*H
ue3[,0q [1soy epise[lieu BAISY ROy 1DBNZ + £O'STH = [DHZ+ fO'STeN IOH
TOSIS = I8 + . FOS
1pALIo epIe[elo[sDy| ‘Buny.oyo bo e GRS
[1DBNT + TEF0SIS = {DIS + fFOS“eN
IPeUR[ZISTURI ISBULIS ANS [[POX 12+ H+ YOS = O'H + T + ,*OS O'H + 71 < 0S
[HC + "OSBN = O'H + I + *OS®N
z ZQ — 3
peree 170 OH + l*0S = HT + _,f0S —_
OH + 1°0S + D8N = [DHT + ‘OS%®N
IpABWILID [[IB4op TPOSIS = IS + ,'OS g
eple[ejo[sry ‘(eb£Lor) eury,oyo bo [DBNT + TPOSIS = OIS + YOSTeN )
< OS
1*084d = ,.4d + 'OS , ‘
IpALIS epIerobyst “euny,oyo bo a ¢ “(*oN)ad
FONENC + 1"0$4d = {*ON)Ad + "OS%N
BAO[] LIE[BUWB[3Ud) I[UOI BA JeAmdjouwl SUIUIB[RAISYBAY] juadedy uoj

1papol-7Z

LJAVIVAISI VI AISASAX ONINIIVINOINY HOAND MILTTVNYV |

3

60



peyLry e33ues [1yseA 1ued
-Ue[e ZIs3uel ue[eUR{LIQ Surwiog

1yse£ oq 1uedue|y

Z9) Buny, 0yd ‘eury oyo 1j3ue1 bp

fONENT + T80*S¥8Y = EFQNSV T + fFOTSTeN

o'd
IpALIS epyRIUWE ‘Od*HC + 1°04d8VC = O%HE + .3V + _tO'd fONBY 2
vA BIO[SP] JeIIl eun, 0y bO | f0gHZ + CONBNZ + 17098V T = OPHE + FONBVZ +LOFE%eN
O'HZ1 + T[OYONd]*("HND = ,H¥T + _,FOONTT + _."Od
BUR, 072 [[e3SL bLIeg | [DENE + FONHNYT + OPHCI + [0 oWdF(PHN)T = FOON("HN)
= *ONHYT + "OOW(*HNDZ1 + [D'HNE + "Od*eN
. OH + 1"Od"HNSIN = HO'HN + ,,SIN + ,"OdH (HO'HN+ID'HN) | _*Od
BUDLOY [EISIN DO |
O%H +1DBNZ + T"Od"HNSIN = HO'HN + “[OSIN + FOdHeN 103N
1pALIS BpYRIMIWR 17043V = 3ve+ _'Od | -
BA BJOTSTY jenlu nﬁgﬁOQO Um.udm mozmzm + évommw< — mozw<m + *Ommdz ONsVY
peueeyosed
©3 10D eA OWBY epued[eukeb T¢00%8V = 3ve + ,f0D —
‘Ipeue]Ae 3 DY epus.el [DH SONEBNZ + T£0D8V = FONSVZ+ FOD%N ON3V
‘IpAL1s epIeelofsT ‘euny,0yo bo 00
upwnw ysiiq wiysieile 9o O'H + 1?00 = HZ +_,!0D IDH
uepiysiueebLo] Suruans IpeyO O%H + 120D + 1DBNT = [DHT + fF00%N
) tpeia is _OS + HT + 1§78V = OH + f0's8V
-eJOD T[qeqes IYSI[,0q [IS0Y SV ENZQISNs _ £
'A TpRIry B3sny J1,3u, ob ‘qifedies [F0™8™8Y = 3V + 0% "ONBY <08

1oAY SUUIvapvl-77

61



1peuo£ qryib

ulk1b eprefejosy ‘euny.oyd b

[OBNT + 1248D = ‘108D + ABNT

Z T < 178778 34
[1soy eSueye y,03 epuel[ibok 0D 100 + 1700 + OH ogrirmaoy — "OOH "OS™H
. O®H8 + 0001 + ,,UAT = H91 + "OUNT + _,"O%DS
IpeUR|[ZIS3URI BUNLIT OTHS + Y001 + YOS FOUINY
+"OS®BNS + "OSUAT = "OSHS + "OUINAT + "O*D NS 200
4
1pALIS Bp HOYHIN T"0*0%Y =3vT + _,"0%0 -
en SONH eupLowp biai bo {ONEN + TO0BY = CONBYZ + *0°0%N OREY
ﬁ.%@auo PO = O +_'0%
BPEIO[STY BNIIS UDYA] ‘IpALIS Bp ‘108D
- Hm~®~0~m§ [eIoUTUI ANQHVTOQO Uo ~UNZN + avONUGU = NﬁU&Q + VONUNdZ
Ipe[.0q [t1soy
guny,oyo biar bo epued[uipzid) HOHNCT + T¢OIS®™H = ,"HNC + OHZ + -,*O'S Lre[zn) Aruourury
1B, 0y Bpijoy (JoF) e Te[el0[STy

3,000 biar bo IZ[EI0[ST 1EYHIS /08 + TO®HU-?0IS# = O°H + 'OS™H + *O'S wepmnAng _fo1s

1pALID T801S%8VY = ,3vz + _,fO1S ‘ONS
epelolsT Jeniu ‘eunfoqo bureg fONENT + TFOISBY = FONBVT + FOISTeN Y

1peur[ebAO] AnS 1[qeqes TysI| LIHY + YOIS'H = O%HY + IS .
-,0q 150y JulueIO[SLY JeI[ISOLQ O%HZ + "A1S = AHY + “O'S .
A
1pALIo Teqed =, BD + _dT .

1uoavp Surujpapol-gg

62



O™HY + _,"OS€ + ,107 = ,H8 + _fOSE +,L0%D

EONDITZ + T70109d = 4EON)4d + YOIDT

IpeuR[ZIs3uel BUNLIF 4 QT SH "OS™N
. ! . OHY + 'OS¥ +
+OSENE + CCOSVI0 = 'OSTHY + COSNE + fotpry | TIPAMTIRO
el et i OPHE + ®010PHZ = ,HT + {OHY + ;04D o
1[qeqes 1ysiuereyosed Suruejo[smy O‘H
yreworxsed ‘eunup 18uer Y0y YOSYI + OHE + *OID'HT = Y*OS*H + “O*HY + “O%D%
Y0INWBY = 8 YOI
Buny, 0y 1[3uer Jyst, 3-[1Z10) O A G e fON3SV
SONDIT + 10108V = FONSV T + 'OIDTH
14 — 14
euny, oyo 1[3uer bueg 170%0ad = .9d + "0 *oN)ad

04D
01

1uoavp Suruppappl-gg

63



Ipeysn) eSeuny, oo Iseyoteq JuruLeuoIue ynung yuijeus YOunp|l epLIs, ) EONSY nusdeal ynmo .

Un{WnuI ysifiq uepIpry £,0q

IS™H + 4224 = IDHT + S°d

(IDH *OS™H)

-peq 1u 7Y uedjokebiyo qreily 1STH + YOS%eN = YOSH + SN Je[ejofsry S
; (4 z Ty = ¥
1pAeA,0q e33uer a1 3 OHy + 149¥ + |STH =_HOT + _,’OS + _I8 (suox) *OSH
-u.ob tueunue 7 ued|,0q JISOH OH™Y + MIF + |STH ="OS*H + HS
I
Te1ad = ,,9d + _IT
BUD 040 [[eIS1ry Suete[[i], e “*oN)ad
- *ON>IZ + 1919d = {*ON)ad + 1T
[4 [A¢ =1 v €
1peary eSsm 1, 5u,ob eunua O°H8 + “1dS + ;UINT .N d0T + ,H8 + _"OUINC . ( Aw_\_ovw v
1[qeqes 1ystbryo qupefe g upug O'H8 + | DR TR AT
+ A4S + YOSUAT + "OST9 = 1G0T + 'OS™HS + "OuAC | PIUPACIPIIO g
1pebryo qryerle eprejoy _ . . bAQT
2v3 igE] UspaElpiuoig b UIgH + *OSHY = "OS™H + e (suox) *OSTH
1peIey, 0y 120, 30b O™HY + 1906 + 109 + ,,UINT = "OUINT + [DHII CEon
[ewxerjopo£ ‘ipeeife Jojx unyy O%HS8 + 4128 + IDT + UDUINT = "OUINMT + [DHI [ .
10
ipetezib snunye| 3,03 ued
-ue[.oy ‘pefeale [DH 13epie[oy LIDH + *OSHEN = "OS™H + [DBN (suoy) *OS*H
ze3 uepJe[pLo[X 13epjoy bning) :
BAO[L LIE[BWE[3UI) I[UOI BA JeA[MYI[ow SuruIe[eAISyedy] JuddedYy uog

JAVIVAISIVIY AISASAX ONINTIVINOINY HOAND JMILITVNY T

[papol-¢g

b

64



/1ppvlog vpfoyys 114, O

INDH + *OS™ = YOS™H + NOX

Je[ejo[Sry [eIouI

-o[sTy ‘euny,oyo bues g0 < Hd

[OHZ + TSPD = STH + Y[0PD

ue3[Lnning
NO
tpAra ["(NO)IZI™ = NOIT + THNO)uZ ,
qIIb [1soy euminq - syd[duoy “*oN)ad “ouz
ep NDOY eyobnio ‘eury.oyod bo [OMT + TANDIUZ = NDIT + [OuUZ
j1140YypZ pIvioYIU 14D]
" Bnq NDH Bumyd 4oy Yst0q | oty 4 YOSS + INOHS +,,UN9 = HET +_NOSS +_"OUAY
q1o vpfoyys 114, 0w uvpq 150U O + "OSHIE + | | (*ONH “"OUAD
1142 pruvpod (1yowo) g-1) 13vp TeIYOAOIPISNO
-iopbuu zo vpn! wvqrifo] 1peu + INDHS + "OSUIA9 = "*OSHY + NOSHS + "OUAN9
-e[zis3uel Iseunue jeuedueuLIng
Ipe[,0q [ISOY BUNLId BYoe3 [ENDS)od] = .89 + NOSE NOS
-11 8u ob-11ztb uepyst Sres qereb i §1091
wmmmm%mmawbﬂwmﬂox waﬁbﬂmwwom [DHNE + _”mAZUmVO_nE = m~U®h~ + ZUmvaM
BuRy, 00 -["(NOS)3H] =_NOST + T{NDS)3H
bo ueSipAue qib [1soy  eunyL TYNDS)BH = ,,3H + NDST (*ON)3H
-1q oo eppuaGeas eyabRIO FON'HNT + “(ND$)3H = “(FON)3H + NOS’HNT
OHL + ,50T + 1S€ = HL + _;*O%D + _,S¢
IPEUB[EbROl B | 0 vogteN + IE[IPAOIPISIO
-1 ueprysifeafe SurmundnIunjO : :
+70S™ + H*08)4D + 1S€ = "OS™HL + “O™D% + SBN¢
IPALID epJIRlR 1SPO=_S+ ,.PD
P S 2L L z z 4P

1oAvp SUIUIDAPDI-¢T

65



IpeIIey 0y 1Zo 3ob 10y

L*HN + *0O1V8 = O'HT + _HOS + [V8 + _‘ONE

“eIpuT THIN WCBIoASDI QUEY | |SINE + OIVENS = OFHT + HOPNS + Iv8 + foNoNg | 0T AT
, l'ONz =0+ lONz
OHY + ,,nO€ + {ONT = ,H8 + nD€ + _fFONT
1pe[1Zas uoso ruedelle ze3 ‘esyes ' Ol + "OSH + 10
-eb q14,0b e8psn 20,80b bo G | syqreyy 4 YEONINDE + LONT = FOSTHY + DOE + FONENS ~ON
-oad “rpebryo qryeale zed a1,3u,00)
OHTZ + {°ONT + ;0D = 1D + _*ONZ + H¥ .
OFHT + 1*ONZ + “*ON)nD = 1D + *ONHY
1peary e33uel e
.03 UIWE[IUIp BPLISE) _fON i
IPe,0q {150y JEosTe[Io Ues],0q O°H +*HD000™HD = HO'H'D + HOQD'HO HOSH® + "OS™H

e3e edpy £.oqusnx IIopyerex HOOD®HOT + "OS™N = "OS*H + eNOODHIT

IPEYST BBRUN.OWO | O[O O0DHD)R] egrm— TRIH(00IHD)] a
zny 1jsose epued[uipzib ue| _ (D9 =
-1q Ans ‘eury,oyo 1, Su ob-niziR) 108NE + T[eI5(00DHD)] « {1024 + BNOOD®HOE %

|
L L ieLes 3 — £

4SI[Iq UBpIPIY run “1pebryo qrjeafe tHOOD'HOZ — HC + -000HOT "OS™H
HOODH)D NﬁﬁdwﬁaﬁﬁNav BULIY HmooomEUN +"OS“eN < "OSH + @ZOOUmmUN

BAO[[ lIe[eWR[3Ud) I[UOI BA JBA[NYo[oWI SuluIe[eAIsyeay] LEY 2 uog

RIVIVAISIVIA AISASAX ONINTIVINOINY HOAND MILI'TVNY IIT

[pApDI-pT

66



1pe[.0q
[isoy bok,0qoze 1j3uel IYSBA

mzom_v
N
0=)" “N—O'H +H
1 -t SON
ozlololumm :E&E«

utidpuy

Ipebryo qeife joze upjyg

OTHT + D8N + JN = “ONBN + [D'HN

o ‘(s]) TDYHN

epyone IeIstyy Jey[ns-(I1) WA,

O™HY + YOS eNT +
+ ONZ + €*0S)%d€ = YOSTHY + “ONBNT + OS249

OPHE + VAT + _FONS = ,H9 + _*OUNT + “ONS ~ON
Ipeue[ZIsZuel ISBWILIS YOQUIATY OHE + YOS + POUINL
+ YOSUINT + *ONEBN = "OSTHE + "OUAIT + “ONENS
1pe],0q [ISOY Isew O%H + lON + {°ON < *ONHZ R
-ysefese Jejzed [3uer a1 3u,00) YOSZeN + ‘ONHZ = "OSTHT + “ONBNT el
[FOS(OND?d] = YOS + ;24 + ON
1pefy e3pnfna ebjex J1,3u,ob O%HY + ONT + .29 = ,H8 + _‘ONC + ,,°d9 (sty) oS3 CON

1ULOADP SUIUIDAPDI-T

67



25-jadval

| — 111 GURUH ANIONLARINI BO’LIB-BO’LIB ANALIZ QILISH UCHUN
FOYDALANILADIGAN REAGENTLAR VA TEGISHLI REAKSIYA MAHSULOTLARI

Reagentlar (reaksiya

Anionlar . Reaksiya mahsuloti, analitik effekt
sharoiti)
Ba?* (mineral Kislotalar | BaSO,| (oq cho’kma, kislotalar va ishqor-
mubhitida) larda erimaydi)
8042_
Sr#*  (mineral kislotalar : : : .
muhitida) SrS0.] (oq cho’kma, kislotalarda erimaydi)
H* SO,1 (hid)
80327
[1s]” |- (yod eritmasi rangsizlanadi)
H* SO,7 (hid) + S| (oq cho’kma)
S,04 [1s]” I~ (yod eritmasi rangsizlanadi)
. A2S;03] (oq cho’kma, parchalanganda qo-
Ag' mo’l rayadi Ag,S)])
H* CO21
COz= | Mg?* MgCOs| (oq cho’kma)
Fenolftalein Qizil
Mg?* (gaynatilganda) MgCOs| (oq cho’kma) + CO,?t
HCng
Fenolftalein Ranglanmaydi
MgCl; + NH,OH + NH.CI MaNH.PO ol
(magnezial alaralashma) gNH4POa] (0q cho’kma)
PO43_
Ag AQ3PO4/| (sariq cho’kma, HNO3; NH,OH da
g eriydi)
Ca2t CaC,04] (oq cho’kma, sirka kislotada eri-
a )
C,0.2% maydi)

MnQO4 (H2SO4 muhitida)

CO21 (KMnQ; eritmasi rangsizlanadi)
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25-jadvalning davomi

MgCl; + NH4,OH + NH,CI
(magnezial aralashma)

MgNHsAsO,| (oq cho’kma)

Ag3AsOq] (jigarrang, HNO; va NH,OH da

AsO2 | A eriydi)
I~ (CHCI; ishtirokida HCI | [Is]- — xloroformli gatlamning qizg’ish-bi-
mubhitida) nafsha rangi
2 As,S3| (sariq cho’kma, kons HCI da eri-
maydi, NH,OH da eriydi)
AsO3> . AgsAsO,| (sarig, NH;OH va kons. HNOs
Ag T
da eriydi)
[15]” (NaHCO3; muhitida) | I~ (yod eritmasi rangsizlanadi)
Ba2* BaCrQ,| (sariq cho’kma)
CI’O427
(Cr,07%) | I" (CHCI; ishtirokida HCI | [Is]- — xloroformli gatlamning qizg’ish-bi-
mubhitida) nafsha rangi
Sio.2 | Ba?t BaSiO3] (oq cho’kma, Kkislotalar ta’sirida
3 H,SiO3| hosil gilib parchalanadi.)
B.O% | HySO4, (CoHsOH) ((jci:szo)gB — alangani yashil rangga bo’yay-
Bg2* BaF;| (oq c_ho_’kma, NH4OH va mineral Kkis-
= lotalarda eriydi)
HZSO4, (SlOszO) HQSIOgl (gel)
_ + AQCl]| (oq cho’kma, (NH4).CO3 va NH,OH
Cl Ag YN
da eriydi)
N AgBr| (sariq cho’kma, NH,OH da gisman
Ag 2
Br- eriydi)
Cl, (CHCI; ishtirokida | Br, (xloroformli gatlam qo’ng’ir rangga
kislotali muhitda) bo’yaladi)
Ag’ Agl]| (sariq cho’kma, NH,OH da eriydi)
- . T — formli qatl izg’ish-binafsh
| Cl, (CHCl; ishtirokida [I5]- — xloroformli qatlam qizg’ish-binafsha

kislotali muhitda) mo’1 Cl;

rangga bo’yaladi.
105~ — xloroformli gatlam rangsizlanadi.
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25-jadvalning davomi

Ag* AQ,S| (qora cho’kma)
S= H* H.S1 (hid)
Cd?* CdS| (sariq cho’kma)
Fe(ll) (kons. HzS04 MU- 1 o0 N0)1S0, (qong’ir xalqa)
hitida)
o O~ 00
N — =N * H,SO
Difenilamin C C H o
(ko’k rangli)
H* NO21 + NO?T (qo’ng’ir gaz)
NO- Antipirin Nitrozoantipirin (yashil rang)
’ MnO;, (kislotali muhitda) | KMnO, eritmasi rangsizlanadi.
NH,CI, t° N2 1
H* CH3COOH (sirka hidi)
CHLCOO" C;Hs0OH; H,SO4 CH3COOC;Hs (olma hidi)

Fe(l1)

[(CH3COO)sFe(OH),]" (qizg’ish-qo’ng’ir
rang)
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26-jadval

Il — VI ANALITIK GURUH KATIONLARINING SODA ERITMASI BILAN REAKSIYALARI

Analitik guruh

Reaksiyalarning tenglamalari

2Ag" + COZ > AgoCOs| —2 5 Ag,0| + COz1
2Pb2* + 2C04% + H,0 — (PHOH),COs| + COz1
Hg22+ + CO32_ <« H92C03l > HgOl + Hgl + CO2?

Ba2* + COs? «»> BaCOs)
Sr2* + COs% <> SrCOs)
Ca?* + COs* > CaCOs)

v

2APR* +3C0O:2 + 3H,0 — 2AI(OH)s| + 3CO21
Al(OH);] + 30H — [A|(OH)5]37

2Cr3* + 3CO2 +3H,0 <> 2Cr(OH)s| + 3CO21
Cr(OH)s] + 30H — [Cr(OH)e]*

Sn%* + COx> + H,0 <> Sn(OH),| + COa1

SN(OH),| + 40H — [SN(OH)e]*

[SNClg]> + COs% + 2H,0 — Sn(OH)a| + 2CO21 + 6CI
SN(OH)a| + 20H — [SN(OH)e]2

Zn?* + COs% + HO <> Zn(OH),| + CO21

Zn(OH)s| + 20H — [Zn(OH)aJ%

Fe?* + CO3% <> FeCO3| havoda tez qo’ng’irlahsadi va quyi-
dagi tenglama bo’yicha Fe(OH)3 hosil bo’ladi:

AFeCOy3| + 6H,0 + O, — 4Fe(OH)s] + 4CO1

2Fe®t + 3C0327 + H,0 < ZFG(OH)gl +3CO21

Mn?* + CO2 «» MnCOs|

2M92+ +2C03% + H,0 « (MgOH),CO3] + CO21

2Bic* + 3C0327 + H,0 « ZBIOHCO;J,l + CO21

2[SBCI* + 3C0Os% + 3H,0 < 2Sb(OH)s) + CO,1 + 12CI-
[SbCle]f + 3(:0327 + H,0 HSbOgl +2CO27 + 6ClI" + HCO5;

VI

2C0o%* + 2C0O3% + H,0 « (CoOH),CO3| + CO271
Ni%* + C0327 — NiCO3l

2Cu* +2C03* + H,0 « (CuOH),CO3| + CO271
2Hg? +2C0O% + H0 > (HgOH),COs| + COa1
(HgOH)2C03l > 2Hg0l + COZT + H,0
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27-jadval

OLTINGUGURT SAQLAGAN ANIONLAR ARALASHMASINING SISTEMATIK ANALIZ

BOSQICHLARI

S%, 5,032, SO4%, SO3*

Bosqgichning
t/r

Analiz bosqgichlari

Boshlang’ich eritmaning alohida ulushiga kuchsiz ishqoriy muhitda
Nay[Fe(CN)sNO] ta’sir ettirib SZ~ ionlarini topish:

52 Naa[Fe(CN)sNOL , Nja,[Fe(CN)sNOST+
Qizg’ish-binafsha rang S?- ionlarining mavjudligidan dalolat beradi.

Boshlang’ich eritmaning alohida ulushidan CdCOj3; eritmasi ta’sir
ettirib S%~ ionlarini ajratish:

sz 9%s  cgs)

CdS| cho’kmasi sentrifugalab ajratiladi

2 sentrifugatga stronsiy tuzlarining eritmasini ta’sir ettirib S,03%" va
S0s%, SO4> ionlarini ajratish:

SOs2 —M9%  5y50,)

502 —M9% 5 5r50,]

SrSOs, SrSO4 cho’kmalari sentrifugalab ajratiladi.

3 cho’kmaga 2 M HCI eritmasi ta’sir ettirib, SO3%~ va SO4>" ionlarini
topish:

Srs0;) —< 5 50,1

Yod eritmasi ta’sir ettirib, SO3% ionlarini aniglash:

SO,t —2iH9 50,2

Yod eritmasi rangsizlanadi.
3 cho’kmani to’liq erimasligi SO4% ionlarining mavjudligidan dalo-
lat beradi.

3 sentrifugatga HCI eritmasi va yod eritmasi ta’sir ettirib S,03% ion-
larini topish:
52032_ H—CI) S|

S,05> —12:H9 5 vod eritmasi rangsizlanadi
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12-sxema

S04%, SO3%, S»03%, S ARALASHMASINING ANALIZ SXEMASI

Naz[Fe(CN)sNO]

Na[Fe(CN)sNOS]

<_@_

\4

N&HCOg

2

4@7

S04, SOs%, S,05%, S

CdCOs;
v v
1CdS S04%, SO5*, S,05*

@ Sr(NO3),

820327

&

HCI

v v

|
v
1SrSOs, | SrSO;
[

@ HCI (2M)

v v

)

150,

TSOZ lSI’SO4

Rangsizlanish
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28-jadval

GALOGENID-IONLAR ARALASHMASINING SISTEMATIK ANALIZ BOSQICHLARI

Cl, Br, I-

Bosqltcirnlng Analiz bosgichlari
Boshlang’ich eritmaning alohida-alohida ulushiga HNO; bilan
nordonlashtirilgan AgNQOs ta’sir ettirib C1-, Br-, I, ionlarini cho’k-
tirish:
_ AgNO;;HNO3
1 Cl > AgCl|
Br —A9NGs FNOs AgBr|
|- AgNO;; HNO3 > Agl|
Sentrifugalab cho’kma ajratiladi. Sentrifugat analiz qilinmaydi.
1 cho’kmaga 12% li (NH4)2COj3 eritmasi ta’sir ettirb, Cl~ ionlarini
ajratish:
2 9
AgCl| —MH)2@0s 1%, TaAG(NHy),]*, CI-
Sentrifugalab AgBr, Agl cho’kma ajratiladi va analiz qilinmaydi.
2 sentrifugatga HNOs eritmasi ta’sir ettirib, CI~ ionlarini topish:
3
[Ag(NH3),]", CIm — % 5 AgCly
Boshlang’ich eritmaning alohida ulushiga xloroform ishtirokida
xlorli suv ta’sir ettirib, I- va Br~ionlarini topish:
-2, (xloroformli gatlam qizg’ish-binafsha rangga
4 bo’yaladi)

Br —%2 5 B, (xloroformli gatlamning qizg’ish - binafsha
rangi yo’qoladi va zarg’aldoq rang paydo
bo’ladi)
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13-sxema

GALOGENID-IONLAR (CI, Br, I") ARALASHMASINING ANALIZ SXEMASI

Cl, (aqua),
CHCI;

A 4

12

Cl; (aqua),
CHCl;

A 4

Bl'g, |O37

@_

Cl, Br, I

AgNO;,
HNO; (2M)

|AgCl, |AgBr, |Agl

(NH4)2CO3 (12%)

v

CI5, [Ag(NH3).]*

)

1AgCl
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29-jadval
AZOT SAQLAGAN ANIONLAR ARALASHMASINING SISTEMATIK ANALIZ BOSQICHLARI

NO2~, NOs~

Bosqichning

tr Analiz bosgichlari

Nordonlashtirilgan boshlang’ich eritmaning alohida ulushidan
kristall holdagi antipirin ta’sir ettirib NO,~ ionlarini topish:
antipirin . HC— C—C NO

1 NO, -
2 H* HyC— N\N,C =0

CeHs (yashil rang)

Boshlang’ich eritmaning alohida ulushidan kristall NH4Cl ta’sirida
2 qgizdirib NO2~ ionlarini yo’qotish:

2 eritmadan konsentrlangan H,SO, ishtirokida FeSQO, ta’sir ettirib
NOj3~ionlarini topish:

NOz — 204 H2504 o 1Pa(NOYSO,] (qo'ng’ir xalqa)
Agar eritmada Br- yoki |- ionlari bo’lsa, ular HCI eritmasi ishtiro-
kida xlorli suv ta’sirida qizdirib yo’qotiladi:

Br- _Cla.HCLA | Brof: I- Clp, HOL A 11

14-sxema
NO2~, NO3s  ANIONLARI ARALASHMASINING ANALIZ SXEMASI

NO;, NOs~
’ | ° < : ) NH.CI (krist.), A
@ Antipirin i 3

v TN, NOs-
HaC—N.  -C=0

|
CeHs

FeSQ,, H,SO, (kons)

[Fe(NO)]SO4
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15-sxema
ERUVCHANLIKKA ASOSLANGAN ORGANIK BIRIKMALAR ARALASHMASINING

AJRATILISHI
Namuna
Suv
eriydi erimaydi
Efir
v 5%-li
l l NaOH
eriydi erimaydi
| erimaydi | eriydi
lakmus *S2
qgizaradi 5%-li 5%-li
l HCI NaHCO;
erimaydi { eriydi v
N Lo
lakmus
qgizaradi MN B
l Az AL
Se 96%-li H,SO4
lakmus
o’zgarmaydi
S1 erimaydi | eriydi
l 85%-li H3PO4
I eriydi I erimaydi
N1 N2

*S2 — organik kislotalarning tuzlari (RCOONa, RSOszNa), aminlar gidroxloridlari
(RNH-HCI), aminokislotalar (R — CHCNH3*COO"), uglevodlar, polioksibirikmalar, ko’p asosli kis-
lotalar; Sa — besh yoki undan kam C atomlarini saglagan bir asosli karbon kislotalar, aromatik sul-
fokislotalar; Sg — olti yoki undan kam C atomlarini saglagan aminlar; S1 — besh yoki undan kam C
atomlarini saglagan spirtlar, aldegidlar, ketonlar, murakkab efirlar, nitrillar va amidlar; A1 — kuchli
karbon kislotalar, o- va p-holatda o’rinbosarlarni saqlagan fenollar, B-diketonlar; A2 — kuchsiz
organik kislotalar, fenollar, yenollar, oksimlar, imidlar, sulfonamidlar, nitrobirikmalar; B — 8 tadan
ko’p C atomlarini saqlagan alifatik aminlar, anilinlar, oksiefirlar; MN — azot yoki oltingugurt
saqlagan turli neytral birikmalar (C atomlari 5 tadan ko’p); N1 — spirtlar, aldegidlar, metilketonlar,
siklik ketonlar, murakkab efirlar (5 — 9 C), oddiy efirlar (C atomlari 8 tadan kam), epoksidlar; N2 —
alkenlar, alkinlar, oddiy efirlar, ba’zi aromatik birikmalar, ketonlar (N1 ga kiritilganlardan tashqari);
| —to’yingan uglevodorodlar, alkilgalogenidlar, arilgalogenidlar, ba’zi aromatik birikmalar.
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16-sxema
LAK-BO’YOQ MATERIALLAR ANALIZI

Pigment goldigning analizi

Pigment goldiq

HCI da eritish
1. Qoldiq la. Xloridlar eritmasi
BaSQOqy, TiO; Fe3*, A", Ca?*, Mg?"
Na,COs hilan ammiakli bufer
suyuglantirish
v
2. TiO,, BaCO; 5. Cho’kma 5a. Eritma
Fe(OH)s, Ca*, Mg*
suv billan Al(OH); l
ishgorsizlantirish,
filtrlash Analiz
3. Cho’kma 3a. Eritma Eritma Fe3*, Al%*
B&COs, TIOz 80427 l
HCI da eritsh Analiz
4. Cho’kma 4a. Eritma
TiO, Ba%
Analiz Analiz
1. Namuna.

2. Erituvchini haydash—2a. Erituvchi analizi.

3. Plastifikatorni ajratish—3a. Plastifikator analizi.

4. Plyonka hosil qiluvchini ajratish—4a. Plyonka hosil qiluvchining analizi.
5. Pigment qoldig—35a. Pigment qoldigning analizi.

78



17-sxema
SILOKSAN KAUCHUKLAR ANALIZI

Rezina namunasi

Alanga gorelkasidagi piroliz
reaksiyasi bo’yicha identi-
fikatsiyalash (shishib ketishi

va oq qavatning hosil bo’-

A

lishi) IQS metodi bilan
stabilizatorni (silan-
v _| diol yoki metoksi-

Ekstraksiya ”| silanni) aniglash

Ekstraksiyadan |
keyingi rezina

\ 4 A 4 A 4 \ 4

Element Azot ogimida | | Xromatografik me- Ekstraktning

tarkibni piroliz  (poli- | | tod bilan kauchuk H,SO, + H,0, da

aniglash mer va rezina- | | turlarini aniglash minerallanishi
ning mineral

gismlarini mig-
doriy aniglash)

\4
Rezinaning
H,SO, + H»,0O, da
minerallanishi

A 4
SiO; ni gravimetrik
aniglash

\ 4

FEZO;;,, TiOg, AlgOg,
ZnO ni aniglash
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18-sxema
SILOKSAN REZINASI ATSETONLI EKSTRAKTINING ANALIZI
(KATALIZATORLAR VA SiO2 NI ANIQLASH)
Atsetonli ekstrakt

atsetonni haydash

v
1. Qoldiq

H,SO, + H,0O, bilan ishlov berish

N

2. Cho’kma SiO, 2a. Eritma Se, Fe, Ti, Zr, Sn, Cu
H,SO4 bilan / NaOH bilan
ishlov berish Se ga analiz ishlov berish

3. Cho’kma 3a. Filtrat 4. Gidroksidlar 4a. Eritma
SiO; cho’kmasi Cu?*, Sn?*
Fe, Ti, Zr
Analiz Ni?* ni aniglash  Bo’lib-bo’lib Bo’lib-bo’lib
analiz analiz
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ELEKTROLITLAR ERITMALARIDA MUVOZANAT

Massalar ta’siri qonuni — Sifat analizining nazariy asosidir. U turli kimyoviy
jarayonlarning muvozanatlarini — cho’kma hosil bo’lishi va erishi, bir giyin eriydigan
birikmani boshqasiga aylanishi, gidroliz jarayoni, amfoterlik va hokazolarni ilmiy
asoslab beradi.

Kimyoviy reaksiyalarning tezligi reaksiyaga kirishuvchi moddalarning tabia-
tiga, haroratga, bosimga hamda katalizatorga bog’liq. Kimyoviy reaksiyalarning
tezligi reaksiyaga kirishayotgan moddalar konsentratsiyasining vaqt birligi ichida
o0 'zgarishi bilan o’lchanadi, ya’ni

v——

At
bunda v — kimyoviy reaksiya tezligi; At — cheksiz kichik vaqt oralig’i; AC — reak-
siyaga Kirishuvchi moddalar konsentratsiyasining o’zgarishi; AC/At — konsentra-
tsiyaning vaqt bo’yicha olingan hosilasi.

1867 yilda norvegiyalik olimlar Guldberg bilan Vaage tomonidan massalar ta’-
siri gonuni kashf etildi va u quyidagicha ta’riflandi: kimyoviy reaksiya tezligi reak-
siyaga kirishayotgan moddalarning konsentratsiyalari ko ‘paytmasiga to’g ri propor-
sionaldir. Masalan,

mA + nB < pC + gD
gaytar reaksiya uchun massalar ta’siri qonuniga muvofiq to’g’ri va teskari reaksiya-
larning tezligi mos ravishda quyidagicha bo’ladi:
Vi = ki[A]™[B]"
Vo = kz[C]p[D]q
bunda v va v, — to’g’ri va teskari reatsiyalarning tezligi.
Vaqt o’tishi bilan vi = Vv, bo’ladi. To’g’ri va teskari reaksiya tezliklarining
o zaro tenglashgan holati kimyoviy muvozanat deyiladi. Kimyoviy muvozanat vaq-
tida v = v, bo’lgani uchun:
Ki[A]™[B]" = ko[C]™[D]*
k, [C1°-[D]°
= =K

k, [AI"-[B]"

bu oxirgi tenglama kimyoning eng asosiy qonunlaridan biri bo’lgan massalar ta siri
gonunining matematik ifodasi bo’lib, u quyidagicha ta’riflanadi: muvozanat vujudga
kelganda reaksiya natijasida hosil bo’lgan moddalar konsentratsiyalari ko payt-
masining reaksiya uchun olingan moddalar kotsentratsiyalari ko paytmasiga bo ’lgan
nisbati ayni haroratda shu reaksiya uchun doimiy son bo’lib, kimyoviy muvozanat
konstantasi deyiladi va K harfi bilan belgilanadi.

Yugori aniglik bilan hisoblashlarda elektrolitlarning konsentratsiyalari ionlar-
ning aktivliklariga almashtiriladi. lon konsentratsiyasi va uning aktivligi orasida qu-
yidagicha bog’liglik mavjud:

a=1C
bunda f — aktivlik koeffitsiyenti.
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Aktivlikni ionning haqiqiy konsentratsiyasiga nisbati aktivlik koeffitsiyenti (f)
deyiladi:
fF-“
C
Demak, aktivlik son jihatdan konsentratsiya (C) bilan aktivlik koeffitsiyenti (f)
ko’paytmasiga teng.
lonlarning aktivlik koeffitsiyenti fagat eritmadagi elektrolitning konsentra-
tsiyasiga bog’liq bo’lib qolmay, balki shu eritmadagi tashqi ionlar konsentratsiyasiga
ham bog’ligdir. Shu ionlarning o’zaro ta’sir kuchini ifodalovchi Kkattalik ion kuchi
deb ataladi. Eritmaning ion kuchi (u) eritmadagi barcha ionlar konsentratsiyalari
bilan zaryadlari kvadrati ko’paytmasi yig’indisining yarmiga teng, ya’ni:
= 1/2 (C1212 + CngZ + ....annz),
n=1/25Ciz#
bunda C;, C,...C, — eritmadagi ionlarning molyar konsentratsiyalari; Z;, Z,...Z, —
lonlarning zaryadlari.

Suyultirilgan eritmalar p < 0,01 uchun aktivlik koeffitsiyenti quyidagi formula
bo’yicha hisoblanadi:

lgf=-0,522./u ;
Yugori konsentratsiyali eritmalar 0,5 > p > 0,01 uchun aktivlik koeffitsiyenti
quyidagi formula yordamida topiladi:

lg f =-05-2° Jh

1+\/ﬁ

Kuchli konsentrlangan eritmalar uchun formula bir oz murakkablashadi:

05-Z2%/u
— +
1+a-0,33-10%/n

bunda a — ion radiusi, sm; A — empirik koeffitsiyent.

Kuchli elektrolitlar uchun juda suyultirilgan eritmalarda (~ 0,0001 M) f =1 va
a = C bo’ladi.

Elektrolitlar eritmalarida kimyoviy muvozanat holati muvozanat konstantasi K
bilan xarakterlanadi:

A

Ig f =

BnAn F mB™ + nA™
K _ [Bn+]m[Am—]n
[BmAn]
Suv bir vagtning o0’zida ham kislota va ham asos hisoblanib, quyidagicha
muvozanat yuzaga keladi:

H,O + H,O < H30" + OH"
gisqartirilgan ko’rinishda:
H,O & H" + OH-
Bu reaksiyaning muvozanat konstantasi 25 °C haroratda
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o _[H7IoH ]

[H,0]

Suvdagi eritmalarda suvning massasi ko’pchilik hollarda eritilgan moddaning
massasi bilan tagqoslaganda juda yugori, uning 1 | eritmadagi migdorini doimiy deb
hisoblash mumkin. Unda muvozanat konstantasi uchun ifoda quyidagicha yoziladi:

K[H20] = [H][OH].

Suv juda kuchsiz elektrolit bo’lgani uchun, K [H20] ko’paytma ham doimiy
kattalik hisoblanadi. Bu konstantaga suvning ion ko 'paytmasi K, deyiladi va 25 °C
haroratda

=18-107 ga teng.

Ky=K =[H"][OH ]=1-10"" ga teng.
H,0
Toza suvda [H*] =[OH ] =1-10" M.
Agar [OH] ortiq bo’lsa,

H,0
H+1= 2
[H'] OH ]
[H™] ortiq bo’lsa,
H,0
[OH ]=—2
[H']

Vodorod ionlarining konsentratsiyasidan odatda muhitning tavsifi uchun foy-
dalaniladi. Kislota-asosli muvozanatga tegishli ko’pgina hisoblashlarda konsentra-
tsiyalar va boshga kattaliklarni ifodalashda bu kattaliklarning manfiy logarifmidan
foydalaniladi va «p» belgisi bilan ifodalaniladi:

—lg[H"] = pH;
—1g[OH] = pOH.
Suvning ion ko’paytmasini ham logarifmik ko’rinishda ifodalash mumkin:

pH+ pOH =pK = 14.
H,0

Suvsiz eritmalar analitik kimyosida qo’llaniladigan ko’pgina erituvchilar suvga

o’xshash avtoprotolizga uchraydi, masalan:
H,0O + H,0 < H30" + OH",
C,HsOH + C,HsOH « C,HsOH,™ + C,Hs0,
2H,NCH,CH;NH; «» HoNCHCH;NH3" + HoNCH,CHoNH-,
2(CH3),SO « (CH3),SOH" + CH3 — SO — CH.,.
Umumiy holda bu jarayonlarni quyidagi tenglama bilan ifodalash mumkin:
2HM < H,M* + M~

Erituvchilarning avtoprotolizidan hosil bo’lgan kationlar kuchli asoslarga nis-
batan kislotalar singari, anionlar esa kuchli kislotalarga asoslar singari ta’sir etadi.
Erituvchining avtoprotoliz jarayonida yuzaga keladigan muvozanat avtoprotoliz kon-
stantasi Ks bilan ifodalandi:
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K,=a ay, (termodinamik avtoprotoliz konstantasi)

H,M™*
yoki
Ks = [H.M*][M"] (konsentratsion avtoprotoliz konstantasi).

Avtoprotolizning kislota-asosli muvozanati erituvchi tabiati va uning vodorod
bog’lanishlarni hosil qilish moyilligi, donor-aktseptorlik xossalari, solvatlanish xusu-
siyati va boshqalarga bog’liq bo’ladi.

Avtoprotoliz konstantasi ko’rsatkichi (pKs = — IgKs) berilgan eituvchining kis-
lotalik darajasini ifodalaydi (suv uchun — 14; etanol uchun — 18,75; dimetilformamid
uchun — 27,0; atsetonitril uchun 33,3 va hokazo).

ANALITIK KIMYODA QO’LLANILADIGAN MUHIM SUVSIZ ERITUVCHILARNING DIELEK-
TRIK O’TKAZUVCHANLIKLARI (£*) VA AVTOPROTOLIZ KONSTANTALARI (pKs)

Erituvchi e* (25°0C) PKs
Spirtlar
Metanol 32,6 17,31
Etanol 24,3 18,54
n-Propanol 20,1 19,46
izo-Propanol 18,3 20,30
Efirlar
Metilatsetat 6,7 22,50
Etilatsetat 6,0 22,83
Ketonlar
Atseton (dimetilketon) 20,9 21,40
Metiletilketon 18,4 21,53
Kislotalar

Suyuq HF 84 (0 °C) 11,7
Sulfat kislota 100,5 3,62
Sirka kislota 6062 12,22

14,45
Chumoli kislota 57,0 (20 °C) 6,66

Azot saglovchi birikmalar
Formamid 109,5 17,0
N,N-Dimetilformamid 36,71 23,10
Ammiak 22,7 (—50°C) 32,72
Oltingugurt saqlovchi birikmalar

Dimetilsulfoksid 45,0 33,3
Sulfolan 42,0 25,45
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Bir turdagi erituvchilarning kislotaligi ortishi bilan ularning pKs gonuniyat bi-
lan kamayib boradi. Masalan, quyida keltirilgan erituvchilar ucun pKs ham shu tar-
tibda o’zgarib boradi: CH3;COOC¢H;3 > CH3;COOCsH;; > CHsCOOCsHyq >
CH3;COOC;H; > CH3;COOC;Hs5 > CH3;COOCH; > CH3;COOH > HCOOH. Shu bilan
birga ularning dielektrik o’tkazuvchanliklari (¢*) ham shu tartibda ortib boradi (jad-
valga garang).

Kuchsiz kislota eritmalarining muvozanat konstantasi K, bilan ifodalanadi:

HA & H" + A,
C[HAAT]
O HA
Kuchsiz asos eritmalarining muvozanat konstantasi Ky, bilan ifodalanadi:
[B][OH"]
°" [BOH]

Ba’zi asoslarning ionlanish muvozanatini kislotalik konstanta bilan ham ifoda-
lash mumkin. Masalan, ammiak — protonni biriktirib, ammoniy ionini hosil giladigan
asos hisoblanadi. Birog, ammoniy ionini (NHs") kuchsiz kislota sifatida ham gabul
gilish mumkin, chunki u suvli eritmada gisman ionlanib, vodorod va ammiak
molekulalariga parchalanadi:

NH;" <> NHz; + H*

Shuning uchun:

[H"]1INH;]
[NH;]
Bu konstanta 25 °C da 5,5-107'° ga teng ekanligi tajribada aniglangan. Yugo-
rida keltirilgan tenglama umumiy holda ham tasvirlanishi mumkin:
+
« - [H7IB]
[BH™]

Kuchsiz elektrolit eritmalarini miqdoriy xarakterlaydigan kattaliklardan biri

ionlanish darajasi (o) hisoblanadi va u quyidagi nisbat bilan ifodalanadi:
_ionlangan molekulalarning soni
- eritilgan molekulalarning umumiy soni

K, =

Elektrolitning ionlanish konstantasi K va a orasida quyidagi bog’liglik mavjud
bo’lib, u Ostvaldning suyultirish gonunining matematik ifodasidir:

OLZ

K=C——-.
1-a

bunda C — kuchsiz elektrolitning molyar konsentratsiyasi.

Juda kuchsiz elektrolitlarda (a < 5%) o ning giymati juda klichik bo’ladi va
1 — o ayirma birga teng deb olinadi. Shu sababli tenglamani qgisqartirilgan ko’rinish-
da K = C-o? yozish mumkin.
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Kislota va asoslarning eritmalarida muvozanat

Suvli eritmalarning kislotaligini vodorod ionlarining konsentratsiyasi belgilay-
di va pH kattaligi bilan xarakterlanadi:
pH =—Ig[H"],
pOH =—Ig[OH].
Bu ikki kattalik bir-biri bilan quyidagi nisbatda bog’lanadi:
pH + pOH = 14 (25 °C da).
Kuchli kislota va asoslar suvli eritmalarda to’liq ionlanadi. Masalan:
HCIl — H* + CI,
NaOH — Na* + OH".
Binobarin, bunday eritmalarda [H"] = C, = [An] va [OH] = Cp, = [Kat™].
0,001M HCI eritmasida [H*] ionlarining konsentratsiyasini hisoblash:
H,O F H*+ OH; Ky, =[H*][OH]=10%
HCl - H* + ClI",
0,001M HClI eritmasida [H*] ionlarining konsentratsiyasi 10~ mol/I ga teng, le-
kin [H*][OH] = 10! ko’paytma doimiy kattalik bo’lgani uchun [OH] ionlarining
1074
1073
Binobarin, [H'] > [OH] bo’Igan har qanday eritmada muhit kislotali bo’ladi.
0,001M NaOH eritmasida [H™] ionlarining konsentratsiyasini hisoblash:
H,O FH"+ OH; K, =[H][OH] =101
NaOH — Na*" + OH".
0,001M NaOH eritmasida [OH"] ionlarining konsentratsiyasi 10~ mol/l ga teng
bo’ladi, lekin [H*]J[OH] = 10 ko’paytmaning qiymati baribir doimiy qolaveradi,

Z14
unda [H*] konsentratsiyalari kamayadi va [H*]= 07 10 moln ga teng bo’ladi.

1073
Binobarin, [H'] < [OH] bo’lgan har ganday eritmada muhit ishqoriy bo’ladi.
Suvli eritmalar muhitini xarakterlashda [H*] o’rniga pH ni qo’llash qulaydir.
Yugoridagi eritmalarning pH giymatlarini hisoblaymiz:
suv: [H*] =[OH] = 10" mol/l, unda pH = 7;
0,001M HCI eritmasida: [H*] =102 mol/l, pH =—-1g103=3; pH < 7;
0,001M NaOH eritmasida: [H*] = 10! mol/Il, pH = - Ig10 = 11; pH > 7,
Binobarin, agar: pH = 7 bo’lsa, muhit neytral;
pH <7 bo’lsa, muhit kislotali;
pH > 7 bo’lsa, muhit ishqoriy.
Kuchsiz kislota va asoslar suvli eritmalarda gisman ionlanadi. Masalan:
CH3;COOH < H* + CH3;COO-
NH3-H,0 <> NH;* + OH~
Bunday kislota asoslarning eritmalardagi muvozanat tegishli muvozanat kon-
stantalari bilan xarakterlanadi:

konsentratsiyasi kamayadi va [OH ] = 107! mol/I ga teng bo’ladi.
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KCH3COOH = [H+][CH3COO_] ;
[CH;COOH]
Ko _[NHZJ[oH ]
NH; -H,0

Kuchsiz kislota yoki kuchsiz asoslarning muvozanat konstantalaridan [H*] va
[OH] larning konsentratsiyalarini topish formulalarini keltirib chigarish mumkin:

[H"]=yK, - Cq;
[OH 1= /K} -Cp.

Ko’pchilik kislota va asoslarning K, va Ky qgiymatlari ushbu qo’llanmaning
ilovasida berilgan.

Kislota yoki asosning boshlang’ich konsentratsiyalari (C, yoki Cp) va ularning
ionlanish darajalari (o) asosida [H*] yoki [OH] ning giymatlari quyidagi formulalar
yordamida hisoblanadi:

[H]=a-Cy
[OH ] =a-Cy.
Bufer eritmalarda, ya’ni kuchsiz kislota va uning tuzi yoki kuchsiz asos va

uning tuzidan tarkib topgan aralashmalarda [H*] yoki [OH] giymatlari kislota va
uning tuzi yoki asos va uning tuzi konsentratsiyalariga bog’liq bo’ladi:

[H+]:Ka' Ca ;
tuz

. C
[OH ]:Kb-cb.

tuz

Shuni qayd etish joizki, yuqorida ko’rsatilgan formulalar bo’yicha masalalarni
yechishda kislota, asos va ionlarning konsentratsiyalari mol/l da ifodalanishi kerak.

1-masala. Sianid kislotaning ionlanish konstantasi 7,9-10%° ga teng. 0,001M
kislotaning ionlanish darajasi, pH va ionlanmagan gismining ulushini hisoblang.

Yechish. HCN ning ionlanish konstantasi juda kichik giymatga ega bo’lgani
uchun ionlanish darajasini hisoblashda Ostvaldning suyultirish gonunining gisqgarti-
rilgan formulasidan foydalanamiz:

K 1010
o= |Ra_ |19 103 ~8,9-107*, yoki 8,9102%.
C, 1-10™

lonlanmagan gismining ulushi 100% — a.= 100 — 0,089 = 99,91% ga teng.

[H*] giymatini [H'] = a - C, formula bo’yicha hisoblaymiz:
[H*]=8,9-10%1-102=8,9-10~" mol/l.

Bundan, pH =—-1g8,9-10~" = 6,05.

2-masala. 0,4%-li natriy gidroksid eritmasining pH ini hisoblang.

Yechish. NaOH konsentratsiyasini mol/l da hisoblaymiz:
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10-w-p 10-0,4-1
M 40

bunda p — NaOH eritmasining zichligi, g/sm?; o — eritma konsentratsiyasi, %;
M — NaOH ning molyar massasi, g.

NaOH kuchli asos bo’lgani uchun, [OH ] = Cnaon = 0,1 mol/l ga teng bo’ladi.

Unda, pOH =—1g0,1=1,0; pH=14 -pOH =14 -1 =13,

3-masala. pH 10,80 ga teng bo’lgan eritmada gidroksid-ionlarning konsentra-
tsiyasi ganday bo’ladi?

Yechish. pOH ni hisoblaymiz: pOH = 14 — pH =14 — 10,80 = 3,20.

Bundan, — Ig[OH] = 3,20 yoki Ig[OH] = - 3,20; [OH] = 1032,

Bundan, [OH] = 6,31-10~* mol/l.

Mustaqil yechish uchun masalalar

=0,1 mol/l,

C NaOH —

4-masala. 0,2M chumoli kislotasining ionlanish darajasi 3% ga teng. Kislota-
ning ionlanish konstantasi va pH giymatini hisoblang.

5-masala. Sirka kislotaning ionlanish darajasini ikki marta oshirish uchun,
uning 600 ml 0,2M eritmasiga qancha suv qo’shish kerak?

6-masala. Sirka kislota konsentratsiyasi 0,01M va ionlanish darajasi 4,2% bo’l-
gan eritmaning pH ini hisoblang.

7-masala. pH = 7,36 bo’lgan eritmaning vodorod ionlari konsentartsiyasi pH =
= 17,53 bo’lgan eritmaning vodorod ionlari konsentartsiyasidan nehca marta ortiq?

8-masala. pH = 4,8 bo’lgan sirka kislota eritmasining konsentratsiyasini hisob-
lang.

Geterogen sistemalarda muvozanat

Qiyin eruvchan elektrolitlarning suvli eritmalarida gattig faza va eitma orasida
muvozanat yuzaga keladi:
1 AaBy <> aA®* + bB¥,
Bu muvozanat eruvchanlik ko’paytmasi (EK) deb nomlanuvchi konstanta bilan
tavsiflanadi:
EK = [Ab+]a,[Ba—]b.
Ushbu tenglama EK qiymati bo’yicha elektrolitning eruvchanligini (S, mol/l):

S:a+b EK ,
\a? . bP

hamda elektrolitning eruvchanligi bo’yicha uning eruvchanlik ko’paytmasini (EK) hi-
soblashga imkon beradi. Bundan tashgari EK giymatiga qarab cho’kmaning hosil bo’-
lishi yoki uning erib ketishi hagida xulosa chigarish mumkin.

Cho’kmaning hosil bo’lish sharti: ionlar konsentratsiyasining ko’paytmasi
eruvchanlik ko paytmasidan yuqori bo’lishi kerak:

c?,. -Cl. >EK.
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Cho ’kmaning erish sharti: 1onlar konsentratsiyasining ko’ paytmasi eruvchanlik
ko’paytmasidan kam bo’lishi kerak:

C?,. -Cl. <EK.

Ko’pchilik kam eruvchan elektrolitlarning EK giymatlari ushbu qo’llanmaning
ilovasida keltirilgan.

Yugorida keltirilgan formulalarga muvofig masalalrni yechishda kam eruvchan
elektrolitlar va ionlar konsentartsiyasini mol/l da ifodalashni unutmaslik kerak.

1-masala. Qo’rg’oshin yodidning eruvchanlik ko’paytmasi 20 °C da 8,0-10~°
ga teng. Tuzning eruvchanligini mol/l va g/l da hisoblang.

Yechish. Qo’rg’oshin yodidning to’yingan eritmasida cho’kma va ionlar orasi-
da quyidagi muvozanat yuzaga keladi:

|Pbly & Pb?* + 21~

Eruvchanlikni S mol/l bilan belgilaymiz. Tenglamaga muvofiq qo’rg’oshin yo-
didning to’yingan eritmasi S mol/l qo’rg’oshin ionlari va 2S mol/l yodid-ionlarni sag-
laydi.

Unda, EKpy,, = [Pb?*]-[I']>=S- (252) = 4S5,

Bundan, S = i:b'z =3/8-107 /4 =1,3-10"2 mol/l.
Qo’rg’oshin yodidning molyar massasi 461 g/mol ga teng. Unda cho’kmaning
g/l da ifodalangan eruvchanligi 461-1,3-107 = 0,6 ga teng bo’ladi.
2-masala. 250 ml to’yingan eritma 2,80-10° g stronsiy fosfat saglaydi. Tuz-
ning eruvchanlik ko paytmasini hisoblang.
Yechish. Stronsiy fosfatning to’yingan eritmasida qattiq faza va uning ionlan-
gan gismi orasida muvozanat garor topadi:
1S13(PO4); 3Sr?* + 2P0,
Unda ushbu tuz uchun eruvchanlik ko’paytmasining ifodasi quyidagi ko’rinish-
ni oladi:
EKSr3(PO4)2 = [Sr2+]3'[PO437]2-

Quyidagi proporsiyadan stronsiy fosfatning eruvchanligini g/l da hisoblaymiz:

0,25 litr eritma 2,80-10° g stronsiy fosfat saglaydi
1 litr eritma x g stronsiy fosfat saglaydi

-5
x= 2801077 -1 =112-10* gll.
0,25
Hosil bo’lgan konsentratsiyani mol/l da ifodalaymiz:
4
S, x W20 55 107 monn,

Mg, po,), 452803

bunda Mg, po,), — stronsiy fosfatning molyar massasi.
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Stronsiy fosfatning muvozanat tenglamasidan ko’rinib turibdiki, S mol/I stron-
siy fosfatdan 3S mol/l stronsiy ionlari va 2S mol/l fosfat-ionlar hosil bo’ladi. Unda
EKsr,0,), = (3S)3(2S)? = 108S °.

S ning giymatini EK tenglamasiga qo’yamiz:

EK =108:(2,5-107)°=0,7-107%,

3-masala. Qo’rg’oshin yodidning 0,1M KI eritmasidagi eruvchanligi suvdagi
eruvchanligiga nisbatan necha marta kam bo’ladi?

Yechish. Q’org’oshin yodidning suvdagi eruvchanligi 1-masalada hisoblangan.
Shu tuzning 0,1M Kkaliy yodid eritmasidagi eruvchanligini x bilan belgilab, uni hisob-
laymiz. Unda tenglamaga muvofig (1l-masalag garang) qo’rg’oshin ionlarining
konsentratsiyasi ham x ga teng bo’ladi, yodid-ionlarning konsentratsiyasi esa 2x + 0,1
ni tashkil etadi. Faraz gilaylik, 2x << 0,1, unda 2x kattalikni 0,1 ga nisbatan inobatga
olmasak ham bo’ladi va [I] = 0,1 mol/I.

Qo’rg’oshin ionlari va yodid-ionlarning olingan konsentratsiya giymatlarini EK
ni topish tenglamasiga qo’yamiz:

EKppy, = x-(0,1)2.

EKppi, 8-107°
0,12 0,01
Binobarin, kaliy yodid ishtirokida qo’rg’oshin yodidning eruvchanligi 1,3-1073/8-10~" =
= 1,6-10° marta kamayadi

4-masala. 5-10°M Kkalsiy xlorid va natriy sulfat eritmalarining teng hajmlari
qo’shildi. Kalsiy sulfat cho’kmasi hosil bo’ladimi (EK ¢;50, = 2,5:107)?

Yechish. Bu savolga javob berish uchun C va C ionlar konsentra-

Bundan, x = =8-10"" mol/l.

Ca?* s0%
tsiyalarining ko’paytmasini kalsiy sulfatning eruvchanlik ko’paytmasi bilan taqqos-
lash kerak, ya’ni CCa12+ 'Csoz— > EK caso, shartning bajarilishini tekshirish kerak.
4

Kalsiy xlorid va natriy sulfat eritmalarining teng hajmlari qo’shilganda Ca?* va
SO,% ionlarining konsentratsiyalari boshlang’ich giymatlariga nisbatan ikki marta
kamayadi va 2,5-102 mol/l ga teng bo’ladi. Unda CCa2 .CSOZ_ =2,51032,5103 =

4

= 6,25:10°, ya’ni hosil bo’lgan giymat EK caso, dan kichik, demak cho’kma hosil

+

bo’Imaydi.
Mustaqil echish uchun masalalar

5-masala. 1,16 g Pbl; ni eritish uchun 2 litr suv talab etildi. Tuzning eruv-
chanlik ko’paytmasini hisoblang.

6-masala. 2 g bariy sulfatni 25 °C da eritish uchun zarur bo’ladigan suvning
hajmini hisoblang.

7-masala. Agar 0,1M qo’rg’oshin nitrat eritmasiga teng hajmda 0,3M natriy
xlorid eritmasi qo’shilsa, qo’rg’oshin xlorid cho’kmasi hosil bo’ladimi?
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8-masala. Kalsiy ftoridning 0,05M kalsiy xlorid eritmasidagi eruvchanligi
suvdagi eruvchanligiga nisbatan qanday o’zgaradi (EK ¢, = 4 10714)?

9-masala. Magniy gidroksidning eruvchanlik ko’paytmasi 6-107° ga teng.
1,6:10*M magniy xlorid eritmasidan pH ning ganday giymatida magniy gidroksid
cho’kishni boshlaydi?

Gidrolizlanadigan tuzlar eritmalarida muvozanat

Ko’pchilik tuzlar suvda eriganda gidrolizga uchraydi, natijada eritmaning mu-
hitini kislotali yoki ishqoriy bo’lishiga olib keladi.

Agar gidrolizga kuchsiz asos va kuchli kislotadan tarkib topgan tuz (masalan,
NH4Cl) uchrasa, muhit kislotali bo’ladi. Kuchsiz kislota va kuchli asosdan tarkib
topgan tuz (masalan, CH3COOK) gidrolizga uchrasa, eritma mubhiti ishqoriy bo’ladi.
Kuchsiz asos va kuchsiz kislotadan tarkib topgan tuz gidrolizga uchraganda esa,
muhit neytral (masalan, CH3COONH, gidrolizlanganda), kuchsiz ishgoriy (NH;CN)
yoki kuchsiz kislotali (NH4F) bo’ladi.

Masalalarni yechishda gidrolizlanadigan tuz qaysi turga mansub ekanligini
aniglab olish zarur hamda ionlar va tuzlar konsentratsiyalarini mol/lda ifodalashni
unutmaslik kerak (jadvalga garang).

GIDROLIZ PARAMETRLARINI HISOBLASH JADVALI

Gidroliz Gidroliz

Tuz konstantasi, Ky | darajasi, h [H'] [OH7]
Kuchli kislota va K K K C KK
kuchsiz asosdan ho- K_W \/— \/WK—BA g b
sil bo’lgan tuz b b BA

Kuchsiz kislota va K

K
W / \/KW'Ka \/KW'CBA
bo’lgan tuz Ka K Cea Ka

kuchli asosdan hosil —_—
Kuchsiz kislota va
kuchsiz asosdan ho- K, K., K, K, K,

'\

b - Cea
KW

a 'CBA
|<W

sil bo’lgan tuz Ka Ko

Ka : Kb 14 KW Kb Ka
| K, - Kp

Izoh: K\, — suvning ion ko’paytmasi,
Cga — tuzning konsentratsiyasi, mol/l.
1-masala. 100 ml da 0,9814 g tuz saglagan kaliy atsetat eritmasining gidroliz
darajasini va pH giymatini hisoblang.
Yechish. Kaliy atsetat quyidagi tenglama bo’yicha dissotsilanadi:
CH3COOK « CH3;COO™ + K*,
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Kaliy atsetat kuchsiz kislota va kuchli asosdan tarkib topgan tuz bo’lgani sa-
babli, gidroliz anion bo’yicha boradi:

CH3COO™ + H,0 <> CH;COOH + OH".

Gidroliz darajasi h = |—%— formula asosida aniglanadi.
Ka ’ CBA

Tuzning konsentartsiyasini mol/l da hisoblaymiz:

Cop =M= 09813 51 o,
M-V 98143.01
bunda m — tuz massasi, g; V — eritma hajmi, ml; M — tuzning molyar massasi, g/mol.
Kislotaning ionlanish konstantasini jadvaldan topamiz: K¢y, coon = 1,74-10°°,

Olingan qiymatlarni gidroliz darajasini topish formulasiga qo’yamiz:

-14
h:\/ 1-10 =7,58-107° ~7,6-107°.
1,74-107 .01

Atsetat-ionlarning gidrolizlanish tenglamasidan ko’rinadiki, hosil bo’ladigan
gidroksid-ionlarning konsentratsiyasi atsetat-ionlarning konsentratsiyasiga teng. De-
mak, [OH] = [CH3COO7] = h-Cy; = 7,6:10°-0,1 = 7,6:10~° mol/I.

Bundan, pOH =-1g97,6:10°=5,12 vapH =14 - 5,12 = 8,88.

2-masala. Ammoniy xloridning gidroliz konstantasini va uning 0,1 mol/l erit-
masining pH ini hisoblang.

Yechish. Ammoniy xlorid quyidagi tenglama bo’yicha dissotsilanadi:

NH,Cl — NH." + CI.

Ushbu tuz kuchsiz asos va kuchli kislotadan tarkib topganligi uchun, gidroliz

kation bo’yicha boradi:
NH,* + H,O < NH3;H,0 + H*.

Bunday turdagi tuzlarning gidroliz konstantasini hisoblashda quyidagi formu-

ladan foydalaniladi:

K ~568-107°,

K, 10

" Knuyno 176107

Amminiy xlorid eritmasidagi [H*] ning konsentatsiyasini [H"]= VKg *Cuz
formula bo’yicha topamiz:

[H*]=+5,68-10" .01 =7,63-10° mol/.
pH=-197,63-10°=5,12.

3-masala. Ammoniy atsetat eritmasi 25°C dan 60°C gacha qizdirilganda, uning
gidroliz darajasi necha marta ortadi? (60°C da K,, = 10723, Sirka kislota va ammoniy
gidroksidlarning ionlanish konstantalari harorat ko’tarilishi bilan o’zgarmaydi deb
gabul gilinadi.)

Yechish. Ammoniy atsetat quyidagicha ionlanadi:
CH3;COONH4 — CH3COO™ + NH/".
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Bu tuz kuchsiz asos va kuchsiz kislotadan hosil bo’lgani uchun, gidroliz kation
va anion bo’yicha boradi:

CH;COO + NH;" + H,0O < CH;COOH + NH3-H,0.

Bunday tuzlarning gidroliz darajasini topish uchun yuqoridagi jadvalda beril-
gan formuladan foydalanish kerak:

1+

Ka 'Kb
Gidroliz darajalarni masala shartida berilgan haroratlarda hisoblaymiz:

10 -14
1,74-107° .1,76-107°

o _ _ 10-3-
25°C Mo = =" —574-107°:
1+ c c
1,74-107° .1,76-10
\/ 10—13
174-10°-1,76-107°
60°C h . 74-10 7 -176-10 ~182-1072,

60°C 10_13
1+ c c
1,74-107° -1,76-10"

Nopoc _182:1077

Binobarin, gidroliz darajasi 3
hyeeo 574107

=3,17 marta ortgan.

Mustaqil yechish uchun masalalar

4-masala. 0,01M ammoniy xlorid eritmasining gidroliz konstantasini va pH ini
hisoblang.

5-masala. 0,001M KOCI eritmasining 25°C va 60°C da pH ini va gidroliz
darajasi necha marta ortishini hisoblang. (Suvning ion ko’paytmasi 60°C da 107*® ga
teng, gipoxlorit kislotaning ionlanish konstantasi harorat ko’tarilganda o’zgarmaydi
deb gabul gilinsin.)

6-masala. pH = 5,12 bo’lgan 100 ml eritma bo’lishi uchun necha gramm am-
moniy xlorid tuzidan olich kerak?

Bufer eritmalarda muvozanat

Keng ma’noda bufer sistemalarga quyidagicha ta’rif berish mumkin: tarkib
o’zgarganda gandaydir parametrlarni muayyan giymatlarda saglab turuvchi sistema-
lar. Bufer eritmalar kislota-asosli (eritmaga kislota yoki asos kiritilganda pH ning
giymatini doimiy saglab turuvchi); oksidlanish-gaytarishli (oksidlovchi yoki gytaruv-
chi kiritilganda sistemaning potensialini doimiy saglab turuvchi); metallobuferlar
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(pMe giymatini doimiy saqlab turuvchi) kabi turlarga bo’linadi. Bufer eritmalar tu-
tash juftlardan, xususan kislota-asosli buferlar kislota-asos juftidan tarkib topgan
sistemalar hisoblanadi. Masalan, atsetatli bifer eritma CH3;COOH va CH3;COONa,;
ammoniyli bufer eritma NH3-H,O va NH4Cl; fosfatli bufer eritma NaH,PO, va Na,HPO,
dan iborat aralashmalardir.

Kuchsiz kislota va uning tuzidan iborat bufer eritmalarning pH giymati quyi-
dagi tenglama bo’yicha hisoblanadi:

C
pH=pK, —lg—"—

Kuchsiz asos va uning tuzidan iborat bufer eritmalarning pH giymati quyidagi
tenglama bo’yicha aniglanadi:

pOH =pK, +lg—= asos

tuz

pH =14 -pK, +1Ig Casos

tuz

Agar bufer aralashma ikki asosli kislotaning o’rta tuzi (B2A) va nordon tuzidan
(BHA) tarkib topgan bo’lsa, unda

C

H=pK,, +] Az
pH=p g c
HA
bunda NAZ_ va NIA - —B2A va BHA tuzlarning konsentratsiyasi; pK,  — kislotaning

ikkinchi bosqich bo’yicha dissotsilanish konstantasi.
Agar bufer aralashma uch asosli kislotaning nordon tuzlaridan (B,HA, BH,A)
iborat bo’lsa, unda pH ni hisoblash uchun quyidagi tenglamadan foydalanish kerak:
C o
pH=pK, +1g _HAZ
c _
HoA
1-masala. 1 litr eritmada har bir komponentdan 0,2 mol saglagan atsetatli bufer
aralashmaning pH ini hisoblang. Aralashmaga: a) 0,01 mol HCI; b) 0,01 mol NaOH
qo’shilganda pH ganday o’zgaradi?
Yechish. Atsetatli bufer aralashma tarkibiga CH;COOH va CH3;COONa kiradi:

CH3;COOH r CH3COO™ + H* (kuchsiz elektrolit; ionlanishi gaytar);
CH3COONa — CH3COO™ + Na* (kuchli elektrolit; to’liq dissotsilanadi).

CH3COO" ionlari ishtirokida sirka kislotaning ionlanishi yanada kamayib ke-
tadi. Shuning uchun kislotaning ionlanmagan gismi konsentratsiyasini uning bosh-
lang’ich konsentratsiyasiga teng deb olish mumkin, ya’ni [CH3COOH] = Ciisiota.

Eritmadagi atsetat-ionlarning deyarli barchasi tuzning dissotsilanishi natijasida
hosil bo’ladi, ya’ni [CH3COO] = Cy..

) Cu 0,2
8 =06K, —Ig sl - n 476 Ig—< =4,76.
s p 955

tuz )
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a) agar 0,01 mol HCI qo’shilsa, HCl va CH3COONa orasida reaksiya boradi:

CH3;COO™ + H* «> CH3COOH,
natijada sirka kislotaning konsentratsiyasi ortadi va 0,2 + 0,01 = 0,21 mol/l ga teng
bo’ladi, tuzning konsentartsiyasi esa, aksincha, kamayadi: 0,2 — 0,01 = 0,19 mol/I

0,21
H=476-1g— =472,
P g019

b) agar eritmaga 0,01 mol NaOH qo’shilsa, unda NaOH va CH;COOH orasida
reaksiya boradi:
CH3;COOH + OH™ «+» CH3COO™ + H.0,
natijada sirka kislotaning konsentratsiyasi 0,2 — 0,01 = 0,19 mol/I ga, tuzning konsen-
tartsiyasi esa 0,2 + 0,01 = 0,21 mol/l ga teng bo’ladi

0,19
H=4,76-1g — =4,80.
g g021

2-masala. Ammiak va ammoniy xloridning 0,1M eritmalaridan 1:9 nisbatda
tayyorlangan bufer aralashmaning pH ini aniglang.(Kyy,.1,0= 1,8:107%; tuz to’liq
dissotsilangan deb hisoblansin.)

Yechish. Ammiak va ammoniy xloridning 0,1M eritmalaridan 1:9 nisbatda
(1 + 9 = 10 qgism) aralashtirilganligini e’tiborga olib, ular eritmalarining konsentra-
tsiyasini aniglaymiz:

xzoL'lzo,OlM NaOH;
10

X= 019 =0,09M NH,CI.
10

Quyidagi tenglama bo’yicha bufer aralashmaning pH ini aniglaymiz:

CNH,H,0
pH =14 — pKyy 0 +10 ———;
NH,Cl
0,01
PH=14 - (5+0,2553) +1g =14~ 47447 — 09547 =8,3006 ~ 8,30,

3-masala. 30 ml 0,1M Na,COs va 15 ml 0,1M NaHCO3; eritmalari aralashtiril-
ganda hosil bo’Igan eritmaning pH ini aniglang. Ky co,) =4,69-107

Yechish. Tuzlar eritmalari aralashtirilishidan hosil bo’lgan eritmada quyidagi
muvozanat o’rnatiladi:
HCO; + H,0O <« CO32_ + H3;0".
Eritmadagi H3O™ ionlarini H* ioni bilan ifodalaymiz. Hosil bo’lgan eritmadagi
CO3% va HCOj3  ionlari konsentratsiyasini topamiz:
C;(Na,CO3)-V;(Na,CO3)  0,1-30

= —0,0667 ~ 6,67 -10 > M:
V;(Na,CO,) +V;(NaHCO;) 30+15

C,(Na,CO3) =
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C,(NaHCO,)-V;(NaHCO;)  01-15

_ =0,0333~3,33-1072M;
V;(Na,CO53) +V; (NaHCO,) ~ 30+15

C2 (NaHCO3) =

PK2 = 19 Ky 11 c04) =—104,69-107 =10,33.

Bufer eritmaning pH (iymatini topsak:

C 10-2
=10,33+ g 667107 _ 10,33+ 0,3=10,63.

-2
CHCO§ 3,33-10

co3~

PH = pKh,c0,) +19

Bufer ta’siri bufer sig’imi (wr) bilan xarakterlanadi. Bufer sig’imi eritma pH ini
bir birlikka o’zgartirish uchun unga qo’shish zarur bo’lgan kuchli asos (b) yoki kuchli
Kislota (a) miqdori bilan o’Ichanadi.

AC,
T=—",
ApH
AC,
ApH
bunda AC,, AC, — bufer sistemaga qo’shilgan tegishli asos yoki kislotaning konsen-
tratsiyasi.

Kuchsiz kislota (HA) va uning tuzi (BA) ni saglagan eritmaning eng yudori
bufer ta’siri sohasida bufer sig’imi quyidagi tenglama bilan ifodalanadi:

23-C-K, -[H" .
n= L 5 ],yokl
(Ka +[H™])
CunC CupnC
n=23— A -23_ A .
C Cha +C,_

bunda Cua va C, - Kislota-asosli juft komponentlarining konsentartsiyasi; C — erit-

maning umumiy Konsentratsiyasi (C = [HA] + [A7]).
Kuchsiz asos va uning tuzidan iborat eritmaning bufer sig’imi quyidagi for-
mula bo’yicha aniglanadi:

~23-C-Ky[H']
ECT TR
4-masala. pH = 4 bo’lgan va 1,140M CH3;COOH hamda 0,205M CH3;COONa
dan tarkib topgan eritmaning bufer sig’imini hisoblang. K ¢y,c0on =174 107>,

Yechish. Komponentlarning umumiy konsentratsiyasini topamiz:
C=1,140 + 0,205 = 1,345 mol/l.
Qiymatlarni quyidagi formulaga qo’yib, eritmaning bufer sig’imini aniglaymiz:
_23:C-K,-[H']_231345:174-10° 110" _ .o
(K, +[H*])? (1,74-107° +1-107%)? o

T
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5-masala. Ammoniy xlorid va ammiak eritmalaridan tayyorlangan bufer erit-
maning pH = 10 ga teng. Agar eritmaning umumiy konsentratsiyasi C = 0,337 mol/Il

bo’lsa, uning bufer sig’imini hisoblang. Ky, =176 .107°.
Yechish. Ammiak eritmasi suvda quyidagicha dissotsilanadi:
NH; + H,O <> NH;" + OH".
Ammoniy ionining dissotsilanish konstantasi:

1-107%  1.107%
Knag = - 5
4 KNH3 176-10"

2.3.0,337-5,68-1071%1.1071°
e 10 oo Ol
(1-10~ +5,68-107°)
Mustagil yechish uchun masalalar

6-masala. 1 litrda 0,2M CH3;COONa va 0,2M CH3;COOH saqglagan bufer eritma-
ning pH ini hisoblang. Bu eritmaga 0,01M HCI qo’shilganda pH ganday o’zgaradi?

7-masala. 1 litr benzoatli bufer aralashma 0,35 mol CsHsCOOH va 0,35 mol
CeHsCOONa saqglaydi. Bufer aralashmaning pH ini hisoblang.

8-masala. 25 ml 0,1M CH3COOH eritmasiga 25 ml 0,1M CH3;COONa eritmasi
qo’shildi. Hosil bo’Igan eritmaning pH ini hisoblang. Eritmaga 0,01M NaOH qo’shil-
ganda pH ganday o’zgaradi?

9-masala. 1 litrda 0,5 mol NH3-H,0 va 0,5 mol NH4Cl saglagan ammoniyli bu-
fer eritmaning pH ini hisoblang. 0,2M NaOH qo’shilganda pH ganday o’zgaradi?

10-masala. 0,4M CH3;COOH va 0,15M CH3;COONa saglagan bufer eritmada
pH = 4,35. Bu eritmaning bufer sig’imini hisoblang.

11-masala. = = 0,3 va pH = 5,0 bo’lgan bufer eritma tayyorlash uchun 2M
NaOH va 2M CH3;COOH eritmalaridan necha ml dan olish kerak?

=5,68-1071° ga teng.

Kompleks birikmalarning eritmalarida muvozanat

Komplekslar — bu markaziy atom (kompleks hosil giluvchi) va ligandlar deb
nomlanuvchi ionlardan (yoki neytral molekulalardan) tarkib topgan kimyoviy birik-
malardir.

Kompleks hosil bo’lish reaksiyalarining muvozanatini tavsiflashda eritmadagi
ionlar doim solvatlangan holda bo’lishini e’tiborga olish kerak. Shuning uchun kom-
plekslarning hosil bo’lishini erituvchi molekulalarining (S) ligand ionlari yoki neytral
molekulalarga (L) bosgichma-bosgich almashinadi deb garash mumkin:

MS,+L=MS,41L +S
MSp4L+L=MSp,L2+ S
MSLn,1+L=ML,+S
Suyiltirilgan eritmalarda erituvchining aktivligi amalda doimiy va ionlarni sol-

vatlovchi erituvchi molekulalarining soni doim ma’lum bo’lgani uchun kompleks
eritmalardagi muvozanatni odatda quyidagi ko’rinishlarda ifodalash mumkin:
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Bosqichli Umumiy

M+L=ML M+L=ML
ML + L =ML, M+ 2L = ML,
ML, + L = ML, M + nL = ML,

Massalar ta’siri qonuniga binoan komplekslarning bosqichli hosil bo’lishi te-
gishli termodinamik bosqichli bargarorlik konstantalari bilan ifodalanadi:

a
K](_): ML :
aM 'a.L
KO_ aMLZ
2 — ’
apmL -ap
" a ‘a;
Mn—l L

Umumiy muvozanatning tegishli konstantalari umumiy barqgarorlik konstanta-
lari deb nomlanadi va B simvoli bilan belgilanadi:

130 KO — amL

aM‘aL
a

0 00 ML, |
B, =KiKj; = 5
apmL -aL

a
0 O 0 0 ML,
Bn =KrKz..Ky= n
aM°a|_

Bargarorlik konstantaga teskari miqdor kompleksning begarorlik konstantasi
yoki kompleksning ionlarga parchalanish konstantasi deyiladi. Bu konstantaning
qiymati qancha katta bo’lsa, berilgan kompleks shunchalik kuchli dissotsilanadi va
shunchalik beqaror bo’ladi.

_[MI[LY"
beqar. [|\/|Ln]
Barqarorlik va begarorlik konstantalari orasida quyidagi nisbat mavjud:
1 1

Kpeqar = ———=—
s Kbarqar. B

1-masala. 0,05M [Ag(NHs;)2]Cl eritmasida kumush ionlari va ammiak moleku-
lalarining muvozanat konsentartsiyalarini hisoblang.

Yechish. Tuzning dissotsilanishini quyidagi tenglamalar bilan ifodalash mum-
Kin:
[Ag(NH3):]Cl — [Ag(NH3),]* + CI- (1)
[Ag(NH3)2]" <> Ag* + 2NH; (2)
Ikkinchi gaytar jarayon uchun begarorlik konstantasining ifodasini yozamiz:
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K, _ [Ag"INHa])*
T [[AGINH 3),1°]

Jadvaldan komplek ionning barqarorlik konstantasini topamiz: 1gf = 7,23; bi-
nobarin, p =102 =1,7-107,

K pegar. =%= 59-107°.

[Ag*] ni x mol/l bilan belgilaymiz, unda (2) tenglamaga muvofig [NH3] = 2x
mol/l, [Ag(NHs),]" esa C — x mol/l ga teng bo’ladi. Bu giymatlarni kompleksning be-
qarorlik konstantasi ifodasiga qo’yamiz:
x-(2x)%  4x®

C-x C-x

Kompleks ionning kam dissotsilanishini inobatga olsak, uning konsentartsiya-

sini doimiy deb gabul gilishimiz mumkin:

Kbeqar. =

4x3
Kbeqar. = T

Kbegar. -C i/5,9 .107%.0,05 _09.10°%

Bundan, x = i/ —
4 4
[Ag*] =x=10,9-10"° mol/l;
[NH3] = 2x=2:0,9-102=1,8-10"3 mol/I.
2-masala. 0,5M KI saglagan 0,01M K3Hgl, eritmasidagi simob (11) ionlarining

muvozanat konsentratsiyasini hisoblang.
Yechish. Kompleks ionning dissotsilanishi quyidagi tenglama asosida boradi:

Hgls> F Hg* + 41~
Jadvaldan Hgl,* kompleksi uchun Igps = 30,18; B4 = 1,51-10% ekanligini anig-
laymiz. Bundan:

~151-10%,

[Hos
Y He )
Bu kompleks bargaror bo’lganligi uchun uning dissotsilanishini hisobga olma-
sa ham bo’ladi, Hgl;* ning konsentratsiyasini esa K,Hgl, tuzining umumiy konsen-
tratsiyasiga (0,01M) teng deb olish mumkin. I~ ning muvozanat konsentratsiyasini
ortigcha migdorda olingan K| ning umumiy konsentratsiyasiga teng deb hisoblasak,
unda:

_[Hgi 1 107

= = =1,06-1073 M.
B,[1"1* 151-10% .(0,5)*

[Hg**]

Mustagil yechish uchun masalalar

3-masala. 0,1M [Cu(NHs3)4]SO, eritmasida [Cu?*] va [NH3] ni hisoblang.
4-masala. 0,05M K3[Fe(CN)g] eritmasida [Fe3*], [CN] va [K*] ni hisoblang.
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5-masala. 10 ml 0,25M kumush nitrat eritmasiga 40 ml 0,5M Kkaliy sianid erit-
masi qo’shildi. Aralashmadagi [Ag*] ning muvozanat konsentratsiyasini hisoblang.

6-masala. 0,1M K;[Cd(CN)4] va 0,1M [Cd(NH3)4]SO4 eritmalarning qaysi biri-
da [Cd?*] ionlarining konsentratsiyasi yugori bo’ladi?

Oksidlanish-qgaytarilish jarayonlari

Oksidlanish-gaytarilish reaksiyalari — elektronlar ishtirokida boradigan va reak-
siyaga kirishuvchi elementlarning oksidlanish darajalari o’zgarishi bilan boradigan
reaksiyalardir:

Ox; + ne — Red;
Redz —ne — Oxy
Ox; + Red, = Red; + Ox,

Elektronlarni berish va gabul gilish gobiliyati turli moddalarda turlichadir. Bu
gobiliyatni baholash uchun reaksiyaning muvozanat konstantasi xizmat qgiladi:

K = [Oxz][Redﬂ.
[Ox;][Red,]

Moddalarning oksiddlanish-gaytarilish xossalarini ifodalashda boshga kattalik
— potensialdan ko’proq foydalaniladi. Elektronlarning ko’chishida elektr toki hosil
bo’ladi, binobarin, kimyoviy reaksiya energiyasini elektr energiyaga o’zgartirish
mumkin. Bunday jarayonlar galvanik elementlarda sodir bo’ladi. Shuning uchun ok-
sidlanish-gaytarilish reaksiyalarini muvozanat konstantasi bilan emas, balki galvanik
elementning elektr yurituvchi kuchi — potensiali bilan tavsiflash mumkin.

Oksidlanish-gaytarilish potensialining konsentratsiya va haroratga bog’ligqligi
Nernst tenglamasi bilan hisoblanadi:

RT |, [Ox]"
nF  [Red]™

bunda E — sistemaning redoks potensiali, V; E° - sistemaning standart redoks poten-
siali*, V; T—harorat, K; n—oksidlanish-gaytarilish reaksiyasida ishtirok etuvchi elek-
tronlar; R —universal gaz doimiysi, 8,312 J/(mol-K); F — Faradey doimiysi, 96500 KI;
[Ox]", [Red]™ — stexiometrik koeffitsiyentlarda olingan oksidlovchi va gaytaruvchi-
ning konsentartsiyasi.

Tenglamaga doimiyliklarning son qiymatlarini qo’yib, natural logarifmni o’nli
logarimf bilan almashtirsak, tenglama quyidagi ko’rinishni oladi:

, 0059 [0q"
n " [Red]™

E=E° +

E=FE°

* Sistemaning standart redoks potensiali — bu yarim reaksiya ishtirokchilarining barchasi standart
holatda (ya’ni aktivliklar 1 ga teng bo’lgan holatda), eritilgan moddalar esa standart eritmada bo’l-
gan sistemaning potensiali.
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Agar oksidlanish-gaytarilish reaksiyasi vodorod protonlari ishtirokida borsa,
unda massalar ta’siri qonuniga binoan vodorod ionlarining konsentartsiyasi ko’payi-
shi bilan reaksiyaning tezligi ortadi.

Bunday holda sistemaning redoks potensiali ham ortadi. Masalan, quyidagi yarim
reaksiyalarda bu yagqol namoyon bo’ladi:

+3e + MnO4 + 4H" — MnO-| + 2H,0 1)
E=E° +&359I9[Mn01]-[H+]4 (25°C da)
+5e + MnO;~ + 8H" — Mn?" + 4H,0 (2)
MnO;]-[H*]®
Eope 4 2099l nO4]2[ ' 550 da)
[Mn<"]

E° kattaligi ko’p jihatdan kislota konsentartsiyasiga bog’liq bo’ladi va kon-
sentrlangan H,SO, ishtirokida uning giymati +1,51 V dan +1,9 V gacha ortib ketadi
(2-reaksiya).

H* yoki OH™ ionlar konsentratsiyasining o’zgarishi nafaqat redoks-potensial-
ning o’zgarishiga, balki reaksiya yo’nalishiga ham ta’sir etadi. Masalan, arsenit-ion-
larning yod bilan reaksiyasi fagat natriy gidrokarbonat muhitida (pH = 9) borishi
mumkin:

—2e + AsO, + 40H — AsO;* + 2H,0 1 E°=-0,71V
+2e + [Is]” — 31 1  E°=0545V
AsO; + [Is] + 40H" —AsO4* + 31" + 2H,0

Kislotali muhitda esa bunday reaksiya bormaydi, chunki Eyj_as0,/Has0, = 0,56 V

giymat E[°I e 0,545 V dan katta va shuning uchun reaksiya yo’nalishi o’zgaradi:
3
+2e + H3AsO,4 + 2H" — HAsO; + 2H,0 1 E°=0,56 V
—2e + 31" — [I3]” 1 E°=0,545V

AsO, + [|3]7 + 40H —>ASO437 + 31 + 2H,0

Oksidlanish-gaytarilish reaksiyalarining tezligiga reagentlar konsentratsiyasi,
eritma muhiti va haroratdan tashqari kattalizatorlar ham jiddiy ta’sir ko’rsatadi.
Katalizator sifatida begona modda yoki reaksiya mahsulotlaridan biri xizmat qilishi
mumkin. Masalan, permanganat-ionlarning oksalat kislota bilan Mn?* gacha gayta-
rilish reaksiyasining katalizatori marganes (II) kationlari, ya’ni reaksiya mahsuloti
hisoblanadi.

Oksidlanish-qgaytarilish reaksiyalarining to’liq borishi quyidagi faktrolarga
bog’liq bo’ladi:

» reaksiyaning elektr yurituvchi kuchi (E.Yu.K) — o’zaro ta’sir etuvchi sistema
potensiallarining farqi; odatda E.Yu.K. 0,4 V dan katta bo’lgan reaksiyalar boradi.

* quyidagi tenglamalar bilan hisoblanadigan redoks reaksiyaning muvozanat
konstantasi:

n(E; —Ey)

K =10?% buyerda a=————== (25°C da)
0,059
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yoki
« _ N(E7 —E5)
0,059

bunda, n — jarayonda ishtirok etuvchi elektronlar soni; E;, E, — tegishlicha oksidlov-
chi va gaytaruvchining standart redoks-potensiallari.
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MIQDORIY ANALIZ

1-sxema

MIQDORIY ANALIZ USULLARINING KLASSIFIKATSIYASI

Migdoriy analiz metodlarining klassifikatsiyasi

\4

\4

Kimyoviy analiz metodi

Gravimetrik
analiz metodi.

A 4

1. Haydash metodi.
2. Cho’ktirish metodi.
3. Ajratish metodi.

Fizik-kimyoviy
(instrumental) analiz
metodlari
Titrimetrik
analiz metodi.
A 4 A 4 A 4
Elektrokimyoviy | |Optik analiz Xromatografik

metodlar

metodlari metodlar

\ 4

A 4

\ 4

Kimyoviy reaksiyalar-
ning turlari bo’yicha (2-
sxemaga garang)

Titrlash usuli bo’yi-
cha (3-sxemaga qQa-
rang)

Ekvivalent nugtani qayd
etish usuli bo’yicha (4-
sxemaga garang)

103




2-sxema

KIMYOVIY REAKSIYALARNING TURLARI BO’YICHA

TITRIMETRIK ANALIZ METODLARINING KLASSIFIKATSIYASI

Oksidlanish-qaytarilishli titrlash

A4

Dixromatometrik analiz metodi

Y

Serimetrik analiz metodi

Y

Bromatometrik analiz metodi

A 4

Nitritometrik analiz metodi

Yodxlorimetrik analiz metodi

A

Yodometrik analiz metodi

Kompleksi-
metrik titrlash

A 4

Permanganatometrik analiz metodi

Merkurometrik analiz metodi

Cho’ktirishga

asoslangan

titrlash

Kompleksonometrik analiz metodi

Tiotsianatometrik analiz metodi

Argentometrik analiz metodi

Kislota-

asosli
~ titrlash

Merkurometrik analiz metodi

Atsidimetrik analiz metodi

Alkalimetrik analiz metodi

104




L0'S + 1€ < fotsT + [f1]

J0'S 2 f0*ST + 27—
1€ = [f1] + 27—

1€ + O%HL + 10T+ 16 + HY 1 + 0%

OH + 10BN = IDH + (brpiob)HORN

13ued epiopbru jusfeAlaye epelmeu  ‘peyiys,ob
Juagesr ryourepiok e3Iseunilo eppowr Iydanur[biuy

[.OW UBPISEWILIS JURII) I[RAIS)RIIUISUOY
brue eSiseunue eppowr nyoAnueibruy

€ 1] = 1€ + 22— | O*H + BNOODHD = O'HT + "O%D%N =
I OHL + (10T = HP1 + 04D + 29+ = (LowHO®EN + HOOO'HD = HO®BNC + "O'DH
J[OSTIA :JOSTIA ‘JOSTIA
‘Ipeue[biue 1seA1sienuasuoy Sutueppow ryoaoibrue IpeuR[nI) UR[Iq JURnI) IYOUI LIOD
‘qelnn ueiq yueni AISose 1u() "Ipe[,0q [Isoy eppout | -bru eyobnuo Burun ‘rpeqys,ob iopbrw ‘Ipe[Iys 0ob

ISBUWLIO  JUBNT) ©)IS0ASq BT
-ISBUNID BppOW IYoAnuebruy

YSeLnI) esoAlg

YSELN HEYsa L,

yselny 1301,

ISVAISLYMIIISS VDI ONINIIVIAOLAN
ZI'TVNV JIMALANNLIL VHOIX 09 I'INSN HSVTRILIL

DUIDXS- :

105



4-sxema

EKVIVALENT NUQTANI QAYD ETISH USULI BO’YICHA
TITRIMETRIK ANALIZ METODLARINING KLASSIFIKATSIYASI

Indikatorsiz analiz metodlari

A 4

Cho’ktirishga asoslangan titrlash,
argentometriya

Oksidlanish-qaytarilishli titrlash,
permanganometriya, dixromatometriya,
yodxlorimetriya , serimetriya, yodometriya

Indikatorli analiz metodlari

Spetsifik bo’lmagan
indikatorlarning qo’llanilishi

| Kompleksimetrik titrlash: merkurimetriya:

I" ionlarini aniqlash

.| Oksidlanish-qaytarilishli titrlash, bromato-

metriya: metiloranj va boshg.

Spetsifik indikatorlarning qo’llanilishi

A 4

Yodometriya: kraxmal

A 4

Oksidlanish-qaytarilishli titrlash:
redoks indikatorlar

Kompleksonometrik titrlash:
metalloxrom indikatorlar

Cho’ktirishga asoslangan titrlash:
Mor metodi — K,CrOy,

Folgard metodi — (NH,;),Fe(SOy),,
Fayans metodi — adsorbsion indikatorlar,
merkurometriya metodi — difenilkarbazon,
[Fe(NCS);]

A

Kislota-asosli titrlash — pH-indikatorlar
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OKSIDLANISH-QAYTARISHLI TITRLASH USULLARI

Oksidlanish-gaytarishli titrlash usullari

\ 4

Oksidimetriya

Bu wusul oksidlovchilarning standart
eritmalari bilan titrlab gaytaruvchilarni
aniglashga asoslangan:

permanganatometriya
(titrant — KMnQy),
bromatometriya
(titrant — KBrQOs),
dixromatometriya
(titrant — K,Cr,0y),
yodometriya
(titrant — K1 dagi 1),
yodxlorimetriya
(titrant — ICI),
nitritometriya
(titrnat — NaNO,),
serimetriya
(titrant — Ce** tuzlarining eritmalari)
va boshqgalar

Reduktometriya

Bu usul qaytaruvchilarning standart
eritmalari bilan titrlab oksidlovchilarni
aniglashga asoslangan:

yodometriya
(titrant — Na,S;03),
nitritometriya
(titrant — NaNO,),
gidrazinometriya
(titrant — N,H4-H,SOy),
askorbinometriya
(titrant — CgHgOs),
ferrometriya
(titrant — FeSQO,) va boshgalar

115




120001+ O*HS+
+Z9NT— HIT+ODHS+_FOUNT

T| O+, BN« H8+_"OUN+3G+
S|, HTZ+ l200T "D H +97- ¢

+Nmo +
+ YO « HT + TPOY0®) Z

TP0%B) — _ 00 +,,20 1
ysebrue 1 e) ue]

P
-e[1ys ob uifay uep

.+Nn—n~
24 IS 5, BO uel
-1q USE[NT) BIISOA[Iq
‘FosveN  YO¥DH
— BUnLIO )Iepuels

JEpuE)S

-1q TpOjoW yselnnl BlSOA[lY -0) _BOS “L0Upy ur
120001+ O%HS+, WA « | -Ue3uejzis3uer 1813 | C0qd “QUN — Ue] -0119] Ue[esew ‘Ie|
— ,H91 + ®Ped)_+o70 + YQUNT | -urp[o 1yowoy 1Sulk | -1q Yse[nn 1Iessd) -IOYENIPUISYOPAT —
Z[OTHY+, U, H8+ "OuN+os+ | - 11q IBY “IPE[IZeY | IB[IYOAOIPISIO (T COsveN A [[[103eNIpu] ¢
_ - | T30 UDSS USBLILY 280 ~ Ug] ‘Iyst|0q
: ZOUNT,MMMWHQN ¢ ‘Ipe] | -1q amm_buw NﬁmmozE YO*O'H tereunid | opAed  GumuSuer
NG O~U.+ -1zey},0 epneloiey | INOA weYsd) QN Hepuelg nysnd  uedipLew
+POT0RD « OO0+ BT | o T ok -a0 | 2y ¢ ¢ Py ‘OH9X -tob 0k
oA (D,0L-09 | “OH “,2d “,"O%0 O°H9 [ RIS
ysefbrue 1w e0) | _ ) epuesiupzib (q | uepiq ysepn 11,3,01 | X4*OS)OJUYHN) | punyes of ueprgs | 1seunua
UE[Iq Ipojoul USeLll LIENSSL | {(vQTH) epiynur | :xefrgoanieifeb (] ‘('1ow) o -mys,.ob  Sumnuer | YOQUATY
AIST =0T 1ero[sey 1uony (e fIpeu | QISY YOYDEN | 1 gowol Iq — | NS00
OHY + YN = ,H8 +_TOUN + 935+ ysepuL, | -e[biue refidepldn) | ‘O*HZ-*O*O*H -ZIS1018IpUL | “NT°0
\ Jefew
e[ewe[sud) eAIsyeay MeIeys YSeLL], HepeAtuoyun O 3IEPHE)S Jepo)eyIpu] JueaL],
: : : : Suiupoja| BA JEjEppouWl : :

10appl-9

HSVTILLL JITALANOLVNVONVINI I d

+

116



_[&le +0OtL +
+ 10T < 16 + Hyl + 0D

€ f1] = a€ + 2
[|OHL+, 20T Hy 1+ F0WD+9+
(¢

O°H +I¢ +
+ _"OsV « HOT + _[f1] + _fosv

O'H+1S+

1?08 « HT + _fO*S
OHT + T «—F—
— Hy + O + I
TpeIoq Je[ekIsye

-1 eyowrys,ob epiy
- [eo[sKy 1yony (q
‘O™H +

+ 1+ Ol _HOT+
IpeUB[RATS

-1odoidsip pok epyy
-nwr AuIobyst ryony| (e
“Ipejize), o epyynu
Auobyst zisyony 1y

“O™ *forgH
9D Te[IYIAO[PISHO
Iyons — uellq ysej
-np eNsoAllq (€

(Fotsy
“OS%N)  TeIyd
-Aniejkeb — uejiq
ysenn 113,01 ep
-TWeploA ISBUILID
13ep 3 3uiu I (g

1papol-L

1 1€ « [51] + g+ | “0& 1BIO[ST] ZISyony ‘D ISBUBLIS ISeunLIo
1| O%H+_*OSV—_HOT+_FOSV-+o7— | ‘Tenkou  ysepni], °Z |fe[iyoso[pisjo —| 18ep [ 3u? | ‘1peuryebbu | fQiSTeN 'z
( ‘ipedesed 181 n8zas | uelq ysenn 8| QiSleN refewl | -es-yoo Tuiduel Isewr
€ +_20%S « _fotst + _[1] Suiuewixern| — Jojey | -0} EpIwepIoA IS -JLI3 JIepur)§ BUIILID ISIYo | -JL19 13ep
I 50"S — oSz - oz— | PUl ®A UEGoANUON | -eunue OGN (I f0tsed -wo)  eydbmio | 3 Sutu I
; T Jg o] + o+ | T DIUNYO “Ipeizex,o dpuel | YOSTHHIN | (D Summuenn | NG00
(1 | epbnaos  ysenil ‘[ |-brue re[i3epiinQy “Otsvy :ZIsIoyeIpu ‘T | -INT0 T
, Jejewn
8 £ Bo LIepJaeys gsepiji mh&—uﬁhmﬂo&:—_ I3 JIEPUE}S JEI0)eyipu uea)i
Le[ewe(3ud) elisyeay LIE[JIeYs YSELOLL P— S pojeyIpuf | juenIy
Jiepueg
HSVTILIL ™[ LINOJOA

117



OH¢ + [f1]€ « 18 + ,H9 + _fOI

_E1l§ « 1€ + T1€
O%HE + ¥¢ < IS + ,H9 + _fOI

S U — I +9¢~
[ OFH9 + % « ,HZI + _f0IZ+201+
(¥

Y

-euejbes epAol 1,3uos
-ob urw G1-0[ Buwyse]
-eJe  UOISYBal UIAdY
uepue3ys,ob 1w Yy
Il a1+a

Je1ay ysum qrys,ob
UBpISBUNLIS [Y unyon
ysnue 1pok uediok
-ebryo qieife epysej
-brue rureriygosopisyo
Uony Ue[lq Ipojow
USe[nn  BISOAI  °¢

Je[poIopoAd[3n
uedewui£ 01 (9
(‘rejurwre
Jrewiole BA [OU
-9JIp ‘[Oud)) Je[ew
SUIq - HIPIS1019)
-33 eA Mnewore (g
{Ie[e)0[SIy ZISyony]
— UB[lqQ ysepnn
LIBYS9) ‘Ie[e)of
-ST T[yony — ue[lq
yse[nn 13,00 (¥

Ie[eUnLId
1epuels FOUIAY
“13ep [3] Suu 7]
ea [P(IND)RI]
ot
01 “O4D

ISBUNLID [BUW
Xen|  1-%S°0
-HOYENIPU] T

ISeUnLIa
tO*SseN
NS00
-INT0 T

1oADp SUIUIDAPDI-|

118



119

1D+ [« 12 +101
T+ 10+, HT+_,'OS—IDI+OH+_,*0S
[ A0+ 1« DI+ 20+ : ,
I HT+_'0S < O°H+_0S + 2T~ T3 — ue[iq yse|
(®P A 905 7) -nn EHSOAlq (g
A90T+=od 10T+ — IDIT + 9T+ ", *,5H ~ URIIq
(P A Y0SH) yse[nn weysa (g . 1pAek, 0q
A S6LO0+= o IO+ .1 DI +22+ @)O[SI UIqIOSe 1Ie] e33ues bues-yso
- - ‘undnue ©_f0§ | -BUIIS MEpUR)S | TURUNLIS POk UES
O°HE +1DI€ — 10€+ HI + Ol + It 1pe[IZey | SON ‘,,US—Ue[q | OIeN T |-Ipebmp  queafe
1| OPHE+IDI 1D+ H9+ f0I+2p+ | -1,0 epyynur | ysepnn 13,00 (T | eA [(NO)AI"™ -ZISIOTBYIPU] °C
z DI _1D+_I1+2-|(JOH) 110 peue) | POSTH-'HN ISBW | ISBUNLID
yse[10AKe) Tujueni], | -S1  yse[nl[ | -brue Ie[i3epiAn®y ““Otsy Ao Tewrkery 1| [DIINI0
\ Jefeu
LIe[)IBYS LepeAruoyur -JLI3 JIepue)s
LIg[emwe[Sud) eAIsyedy — Fai—— £A JE[EppOW JefaoyeyIpuy juenIL
Jiepuel§

HSVTILIL ITALINTIOTXAOA
[papvl-g :



‘HN—‘HO— =Y Bpunq

14
IgHE + age + ——
" o -dons ueesew ‘1e|
d 4 -urwe ynewoe (9
O%HE + “dg « ,H9 + _1dS + _t01d 0]
ATST=od -SD [1syfes “(yse]
1 OHE+4d — HZI + 04T + 201+ s S
A L8O] = oA -10Z31 ‘[OUd) ue[Ilq
S ag «— Iq7 + 97— 11,04 yseqwoiq (q
q Te]
. c c -1yoAnte}Aeb 1qey
2 OSVE+ 19 «— _*OSVE + *O1d 70152% .Em< .+Nﬁm
A9S0=0od ‘udS TOSH"HIN £ TQTE
[ HZ+_OSV < O%H + OSV + o welq 1,04 yse| 05N
ASYTI=0od -pISyO BIS0AQq (B CURLIS LEPUELS ‘(fuesonyow “[1z1b |  Iseunuo
¢ O°HE + 19 « H+ _f0ig +29+| ynuw -Ipeue| oty [howr) JepoleNIp |t
' | 1Mej0|sIy | -bue 1eniBepiAn BPpPOW Mepue)S | -UI 1[SOSB-BIO[STY] NT0
He10] ; [1oEPI PP L | ISt
\ Je[eu |
LIB[}aBYS epeAIuoywl -J1I9 }JIEpuUE)s
Lie[ewR[3Ud) eAISY e YSELLL SUrpoI €A JE[EpPO JepIoyeyipuy jueniy,

jiepue)s

[papol-6

HSVTHLLL ITALINOLVIAOUA

i}

120



O%H + 108N + M(ONIN-Y «—
— [OH + “ONEN + d-HN-Y
ﬁmmmeoﬁaz Qu

O%HT + 108N + _IDIN=NY] =

"TPE[IYS

-.ob Igy epnej
-Is Jojezifeiey ‘v

(zerebysoq eA

[IsyeJns  ‘[ozejns
-1ou  ‘pisjoidans)
Ie[UIWE  TYOWe[Dy

-1 A Tyowepiq (0
QY “_ P4 1, US

= [DHT + “ONEN + SHN-Y 'epuIxo yse| | Jeyns  uizespig | VIS HEZES seuse|

‘ysemozer( (o | -1 esbruke ‘ip | ‘elo[sty  [ueyns “PI8 “(Yselnn ey | o, ue[iq 3,0y

‘A PPl = o7 | -euelnn UDRS ¢ | :reqyoanieAeb (q -S31) TOUNDL 1] us[Iow Jurun BA

OHY + I'N = H9 + “ONHT + 29+ | "BP Do§7-07=4 I} zoey | PR HEPURIS | izib enkeu ‘g0
ysiueIfe) (q | -0L epbnaog,, ‘7 | IO ¢ AP YOUNY ‘Jejns | -urjoedos) ‘urwe | ISBUNLID
‘A¥60=od | (Hopbrujow | :Ie[yosopisyo (e | uizeipi3d ‘elo[swy | -[IUJIP ‘BYS] 7| ‘ONEN
JHE + _ON < O°H + “ONH + 27— | Suln  [DH) 114 ‘peuey | [TueJins - “e10[sLy | o Zob yewxeny | NS00
:ystue[pisyO (e | -nw 1ejo[sty ‘[ | -brue seiSepiAn) | Aozusqourury-d | -poA :ibysel -] INTO

Je[ew

LIg[eWR[3Ud) BAISYBIY _..“MW_“M—M _._MH_H_MNMMN_\M: MWNM”M%%%H JeIojeyipuy juenI],

)iepue)s

leapel-0T1

HSYTILLL MTHLINOLIILIN

121



O‘HL +

+,J10T + P49 < HY + 04D + ;249
O®HT + lON +,2d€ < HY +_*ON +,,2d€
(€

IpeUBR[NY UB[Iq 9] He[uol _L0%)

Je[IYSAO[PISHO
uel[uelfeb epuis
-B) Lejzm 3 (¢

zo 3ob
[ewrxepoL — 10}

(8y°

OHZ + 04D +,2dT+ H¥ + 1"0IDedT < og) A.HEMQM%M -eyipur 1byse] ¢

Tro10Rg «— _,'OID + ,.Bd MM:O AN wWey (7 (bures

(T Br015TY (tpeum - _JouD Bues

Ly YOS'H |. ‘ - : Zisaopedipuy - °C

+ +MHU.N + +m®h~© — +E.Vﬁ + -C O oHU + +N®m© n.—omv nQHMHOm<I.va_”©m\H7WHNVD%M IOﬁuo\Av MONWNNZ .NHO#Wva ,_AGNH#
I| O°HL + ,¢*OT < HPT + _*O4D + 29+ | 1pepizeyy. o mm ‘ MOWNI mma q| “EUBHR HEPUBIS | -uppuoyip  ‘ejo] | Iseunuo
? reod T Nl epagnt amﬂmwu esse} ([ 'O°H9X -SD{OJ[ns-0 ‘urwre | YQIDTY
L yesorspy " ipeugy | CCOSPICHND | -pueyip weporey | NS00

A SET+ = (JD/ 0D | USEIIL | by sepSeprdngy | FEPPOW MEPURIS | -IpUT Sopoy T|  ‘WI‘0
‘ Jg[ew
uepaeys | epeiiuoywI -JLID JIepue)s

ME[BWEIFUI) eAISy ey - Pr—— £A TE[EpPOW JeproyeyIpuy jJuBHIL

JaepuB)g

lenpel-T1

HSVTILLL I LINOLVINOIX

122



JHT + 20T + 1700T «+ ;20T + 'OOH

ré #2000+ 2+
I JHT + 12007 « YOPH + 22—
”Gﬁwmmz

A 8T°1 =, 20/ [°10°0].7
‘AT19°T = 3D/ ,[°("0S)eD]T
‘AYT = 3D/ [5("0S)D]ed

peuebrue rejpoa
-913n ‘1e[R)o[SIy
JIue3I0 “Ie[elo[Sry

ysiu
-g[pIsyo seunieb
— (zib  mow

‘fueio[nowr) e[
-10yexiput-Hd ¢
830 e33uel bues

-ouTwe ‘Ieure Ipe[l ue[EUnL | 8D

:b1 8oq e3neIqe) TB1 | (POIDH) | “Te[jousj Je[eun(ll | -Tyse[uepuels | — zisiojeyipuy ‘g | ISeUnLL

-uorue Lefreisuajod ysijLrejAeb-ysiuepisyo | Ipefizex), 0 | -1q Juesio ‘ (ON | Uue[Iq polow YuI unweuey | ‘O'HpX

Bururreryn( syopar ezm syo[dwoy Au9g | epiynw O “OH -jowopoX Juent] | -1p ‘uronueudj-o | x(*QS)3D

A OL T+ = o7 epiiynw *OIDH | eosr | ‘L [P(NOJeA] “,,US | TOYDUYHN) | ‘wiomsy :repiojey |  INT0°0

#2022+ .90 | USBUNL maSs . Pd SV OLORI\N -Tput sHOpay 1 ‘INT0

; Je[ew |
epJIeys epeAruoy wi -JLId )Aepue)s
le[ewB[dud) vAISy ey e " N T Je[1o)eyIpuy juenI,
Jiepuelg
HSVTILLL MRLLAWIIAS

leapel-z1

123



TITRIMETRIK ANALIZDA HISOBLASH FORMULALARI

Ayrim tortimlar usuli
1. Ekvivalent molyar massa bo’yicha:

e titrantlarni standartlash uchun qo’llaniladigan kimyoviy toza moddalar tortimining
massasi quyidagi formula boyicha hisoblanadi:
Cu -V -
m=—M V- Eym
1000
bunda, V — titrlangan eritma hajmi, taxminan 20 sm3.

e tekshiriladigan modda tortimining massasi (m;) quyidagi formula bo’yicha hisob-
lanadi:

B 1000 -

bunda, V — titrlangan eritma hajmi, taxminan 20 sm*; ® — namunadagi aniglanuvchi
moddaning massa ulushi.

e titrantning molyar konsentratsiyasi (Cy) quyidagi formula bo’yicha aniqlanadi:
_ m-1000

Ey V'
bunda, V — tortimni titrlashga sarf bo’lgan titrlangan eritmaning hajmi, sm®,

e namunadagi aniglanuvchi moddaning massa ulushi (o) quyidagi formula bo’yicha
aniglanadi:

m

Cwm

®,% = (to’g’ri va bilvosita titrlash),
1000 - m,
Cm. Vi —Cy. V,)-Ey -100
®,% = Cw, V1= Cm, V2)- Eu (teskari titrlash),
1000 - m;

bunda, Cy, va Cy,—tegishlicha 1- va 2-titrantning molyar konsentratsiyalari mol/dm?;
V1 va V, — tegishlicha 1 va 2-titrant eritmalarning hajmlari, sm?.
2. Titrantning aniqlanuvchi modda titri bo’yicha:

o tekshiriladigan eritmadagi aniglanuvchi moddaning massa ulushi quyidagi formula
bo’yicha aniglanadi:

Tirray - K-V 100
My

my

,%

(to’g’ri va bilvosita titrlash),

®,%

(teskari titrlash),

bunda, T(r, 4 — titrantning aniglanuvchi modda bo’yicha titri, g/sm3; Tyt 4 — anigla-
nadigan modda bilan bevosita ta’sir etadigan titrantning aniqglanuvchi modda bo’yi-
cha titri, g/sm?; K, Ky, K, — tuzatish koeffitsiyentlari:
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C \Y
K = M (amal.) _ (amal.) .

CM (nazar.) V(nazar.)
Pipetkalash usuli
1. Ekvivalent molyar massa boyicha:

e titrantlarni standartlash uchun qo’llaniladigan kimyoviy modda tortimining massasi

quyidagi formula bo’yicha aniqlanadi:

B Cm -V -Enm Vi
1000-V,

bunda, V — titrlangan eritma hajmi, taxminan 20 sm?; Vx — modda tortimi eritilgan
kolba hajmi, sm3; V, — eritmaning alikvot gismini o’lchab olishga qo’llaniladigan
pipetka hajmi, sm2,
e aniglanadigan modda tortimining massasi (m ;) quyidagi formula bo’yicha aniqla-

nadi:

1

o _Cu -V -Ey -V 100
t 1000-V, -0

bunda, V — titrlangan eritma hajmi, taxminan 20 sm?; Vi — modda tortimi eritilgan
kolbaning hajmi, sm*; V,, — eritmaning alikvot qismini o’lchab olishga qo’llaniladigan
pipetka hajmi, sm2,
e titrantning molyar konsentartsiyasi (Cyv) quyidagi formula bo’yicha aniqglanadi:
m; -V, -1000

MTEy VeV
bunda, V — standart moddaning alikvot gismiga sarflanadigan titrlangan eritmaning
hajmi, sm® Vx — modda tortimi eritilgan kolbaning hajmi, sm3; V, — eritmaning
alikvot gismini 0’lchab olishga qo’llaniladigan pipetka hajmi, sm®.

e tekshiriladigan namunadagi aniqlanuvchi moddaning massa ulushi (o) quyidagi for-
mula bo’yicha aniqlanadi:

Cu V- -Ey -V, -100
1000 - m, -V,
bunda, V — titrlashga sarflangan titrlangan eritmaning hajmi, sm?.
(Cy, Vi —=Cp, V2) - Ey -V -100

1000 - m, -V,

bunda, Vi — ortigcha qo’shilgan titrlangan 1-eritmaning hajmi, sm?; V, — titrlashga
sarflangan titrlangan 2-eritmaning hajmi, sm3.

®,% = (to’g’ri va bilvosita titrlash),

®,% = (teskari titrlash),

2. Titrantning aniqlanuvchi modda titri bo’yicha:
Trra) - K-V -V, -100

®,% =
mt ’V

(to’g’ri va bilvosita titrlash),
p
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~Trray - (Ky-Vy = K3 -V3) -V -100

®,%
mt 'V

(teskari titrlash).

P
Konsentratsiyasi aniq bo’lgan titrlangan eritma bo’yicha titrantning molyarligi
quyidagi formula bo’yicha aniqlanadi:
_ CMO ’Vo

Cwm VI

bunda, Cwm,— konsentratsiyasi aniq bo’lgan eritma konsentartsiyasi, mol/dm?3; Vo —

konsentratsiyasi aniq bo’lgan eritma hajmi, sm®; V — konsentratsiyasi aniglanadigan
eritma hajmi, sm®,
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“NATIJALARNI STATISTIK QAYTA ISHLASH” MAVZUSI BO’YICHA
MASALALAR YECHISH NAMUNALARI

Asosiy statistik xarakteristikalar

Har ganday analiz gqanchalik e’tibor bilan bajarilmasin, olingan natija, odatda,
aniglanayotgan moddaning haqiqiy miqdoridan bir oz farq qiladi, ya’ni ba’zi xatolik-
larga ega bo’ladi. Analiz xatolari 0’z tabiatiga ko’ra, sistematik, tasodifiy va qo’pol
xatolarga bo’linadi.

Sistematik xato deb, kattaligi doimiy bo’lgan yoki aniq qonun bo’yicha
o’zgaradigan xatolarga aytiladi. Sistematik xatoni, odatda, oldindan nazarda tutish
yoki tegishli tuzatishlar kiritish bilan ularni yo’qotish mumkin. Sistematik xatolar 0’z
navbatida usulik, operativ, instrumental va individual xatolarga bo’linadi.

Aniq bir qonuniyatga asoslanmaydigan, kattaligi va ishorasi no’malum bo’lgan
xatolar tasodifiy xato deb ataladi. Bu xatolarni minimal giymatga keltirish uchun
ularni matematik statistika usuli yordamida ishlab chigish kerak.

Qo pol xatolar jumlasiga, masalan: tarozi bilan ishlashda tarozi toshlarini va
tarozi shkalasining ko’rsatishini noto’g’ri hisoblash, titrlash vaqgtida byuretka shkalasi
bo’yicha noto’g’ri hisoblash, analiz vaqtida eritma yoki cho’kmaning bir qismini
to’kib yuborish va shunga o’xshashlar kiradi.

Analiz paytida qo’pol xatoliklarga yo’l qo’yilishi analiz natijalarini noto’g’ri
bo’lib chigishiga sabab bo’ladi. Shuning uchun ham bir necha parallel analizlar olib
borilib ularning o’rtachasi olinadi.

Analiz natijalarining to’g’riligi va aniqligini baholashda sistematik va tasodifiy
xatolarni hisobga olish katta ahamiyatga ega. Sistematik xatolar analiz natijasining
to’g’ri ekanligini ko’rsatadi. Sistematik xatolarning qiymati gancha kichik bo’lsa,
natija shuncha to’g’ri bo’ladi. Analiz vaqtida yo’l qo’yilgan tasodifiy xatolar miqdori
analiz natijalarining aniqligini ifodalaydi.

Analizda yo’l qo’yiladigan sistematik xatolarni turlicha ifodalash mimkin. Ifo-
dalash usuliga qarab ular ikkiga, ya’ni absolyut va nisbiy xatolarga bo’linadi.

Aniglanayotgan kattalikning haqiqiy (yoki eng ishonchli) miqdori bilan olingan
natija o’rtasidagi farqqa absolyut xato deyiladi. Agar aniglanadigan kattalikning qiy-
mati noma’lum bo’lsa, u holda absolyut xato, nisbatan ishonchli kattalik bo’lgan bir
necha aniqglashlar o’rtacha arifmetik qiymatidan olinadi.

O’Ichashning nishbiy xatosi absolyut xatoning aniglanadigan Kkattalikning
haqiqiy qiymatiga yoki bir necha o’lchashlar o’rtacha arifmetik qiymatiga nisbati
orgali aniglanadi.

Tasodifiy kattaliklarning o’rtacha giymati — bir xil aniqlikda o’tkazilgan
o’lchash natijalaridan olingan ortacha arifmetik qiymat. Agar Xi, Xz, ..., X, lar a
kattalikni n marta o’lchash natijalari bo’lsa, unda

xl +X2 +...+ Xn

n
:EZH
n Ni=1

X =

Normal tagsimlanish qonuniga asoslanib, o’rtacha arifmetik qiymat aniqlanadi-
gan kattalikning qiymatiga juda yaqin ekanligini ko’rsatish mumkin, ya’ni X = a.
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Dispersiya tasodifiy kattaliklarning o’rtacha qiymatiga nisbatan tarqalishidir. n
marta aniglangan xi, Xo, ..., X, tasodifiy giymatlar uchun tanlangan dispersiya quyi-
dagiga teng bo’ladi:

n-1
O’Ichash aniqligi gancha kichik bo’lsa, dispersiya shuncha katta bo’ladi. Dis-
persiyadan olingan kvadrat ildizning musbat giymatiga aniglashning o rtacha kvad-
ratik xatosi deyiladi va u tajriba natijalariga asoslanib hisoblanadi:

Agar o’rtacha kvadratik xato alohida o’lchash uchun emas, balki alohida o’l-

chashning o’rtacha kvadratik xatosidan Jn marta kichik bo’lgan n marta o’lchash
uchun hisobga olinsa, yanada aniqroq natijalar olish mumkin, ya’ni:

Yugorida yozilgan tenglamalardagi n —1 kattalik erkinlik darajasi (f ) deb ataladi.
Analizning ishonchlilik chegarasini hisoblash

Analiz natijalari o’rtacha qiymat X ning ishonchlilik chegarasi bilan xarakterla-

nadi va quyidagi formula bo’yicha hisoblanadi:
AX =t(P, ) - SX,

bunda, t (P, f) — Styudent koeffitsiyenti (1-jadval).

Ishonchlilik chegarasi sistematik xatolar mavjud bo’lmaganda analizning haqi-
giy giymatini saglagan sohani cheklaydi:

(X = AX) <a < (X + AX).
O’rtacha natijaning nisbiy xatosi A(%) quyidagi formula bilan hisoblanadi:
A= ax 100%.
X

Aniqlashlar ko’p marta qayta takrorlansa, uning natijasi asossiz u yoki bu
tomonga chetlashadi. Bunda qo’pol xato yuzaga keladimi degan savol tug’iladi. Ko’p
sonli aniglashlardagi qo’pol xatoni ikki chetki qiymatlar orasidagi farqdan topish
mumkin (Xi, Xmax — Xmin). Buning uchun quyidagi bog’liglik tuziladi:

_ X=X
Q R

bunda x; — shubhali ko’ringan qiymat, X — X; bilan qo’shni giymat, R — birinchi va
oxirgi natijalar farqi.
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Hisoblab topilgan Q kattalik uning jadval giymatlari Q (p, n) bilan taggoslanadi. Agar
Q > Q(p, n) bo’lsa, unda qop’pol xato mavjudligi isbotlanadi (2—jadval).

1-jadval
STYUDENT KRITERIYSINING SON QIYMATLARI, t (P, f)
Erkinlik
O,IChOVlar darajaS| P (%)
soni (f=n-1) 0,10(90) 0,05(95) 0,01(99)
1 1 6,314 12,706 63,657
2 2 2,920 4,303 9,925
3 3 2,353 3,182 5,841
4 4 2,132 2,776 4,604
5 5 2,015 2,571 4,032
6 6 1,943 2,447 3,707
7 7 1,895 2,365 3,499
8 8 1,860 2,306 3,355
9 9 1,833 2,262 3,250
10 10 1,812 2,228 3,169
2-jadval
NAZORAT KRITERIYSINING SON QIYMATLARI, Q(P, n)
Q
n
P =0,90 P=0,95 P=0,99

3 0,89 0,94 0,99

4 0,68 0,77 0,83

5 0,56 0,64 0,76

6 0,48 0,55 0,70

7 0,43 0,51 0,64

8 0,40 0,48 0,58

Analizning ikki usulini dispersiyalar (S:2 va S,?) bilan taggoslash uchun Fisher
(F) kriteriysi hisoblanadi, u S;? va S;? farglarining hagigiyligini xarakterlaydi:

_S

F=>1
S3

Hisoblab topilgan F ning giymati jadval giymatlari F(P, f;, ) bilan P = 99% da
taggoslanadi. Agar F > Fjuava bo’lsa, Si? va Sy? dispersiyalarning fargi 99% ehtimo-
liga yaqin, agar S;% < S,? bo’lIsa, unda ikkinchi usul yuqoriroq aniqlikka ega.
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3-jadval
FISHER KRITERIYSINING SON QIYMATLARI F (P, fy, f2) (P =99% da)

f1
f2
1 2 3 4 5 6 8 10 12 16 20

1 4052 | 4999 | 5403 | 5625 | 5764 | 5859 | 5981 | 6056 | 6106 | 6169 | 6208
2 98,49 | 99,00 | 99,17 | 99,25 | 99,30 | 99,33 | 99,36 | 99,40 | 99,42 | 99,44 | 99,45
3 34,12 | 30,81 | 29,46 | 28,71 | 28,24 | 27,91 | 27,49 | 27,23 | 27,05 | 26,83 | 26,65
4 21,20 | 18,00 | 16,69 | 15,98 | 15,52 | 15,21 | 14,80 | 14,54 | 14,37 | 14,15 | 14,02
5 16,26 | 13,27 | 12,06 | 11,39 | 10,97 | 10,77 | 10,27 | 10,05 | 9,89 | 9,68 | 9,55
6 13,74 110,92 | 9,78 | 9,15 | 8,75 | 8,47 | 8,10 | 787 | 7,72 | 7,52 | 7,39
7 12,25 955 | 845 | 785 | 7,46 | 7,19 | 6,84 | 6,62 | 6,47 | 6,27 | 6,15
8 11,26 | 865 | 759 | 701 | 6,63 | 6,37 | 6,03 | 582 | 567 | 548 | 536
9 10,56 | 8,02 | 6,99 | 6,42 | 6,06 | 580 | 547 | 526 | 511 | 492 | 4,80
10 |10,04| 7,5 | 6,55 | 599 | 564 | 539 | 506 | 485 | 4,71 | 452 | 4,41
11 9,65 | 7,20 | 6,22 | 567 | 532 | 507 | 4,74 | 454 | 440 | 421 | 4,10
12 9,33 | 6,93 | 595 | 541 | 506 | 482 | 450 | 430 | 4,16 | 3,98 | 3,86
13 9,07 | 7,70 | 5,74 | 520 | 486 | 462 | 430 | 4,10 | 3,96 | 3,78 | 3,67
14 8,86 | 6,51 | 556 | 503 | 460 | 446 | 414 | 394 | 3,80 | 3,62 | 3,51
15 8,68 | 6,36 | 542 | 489 | 456 | 432 | 400 | 3,80 | 3,67 | 3,48 | 3,36
16 853 | 6,23 | 529 | 4,77 | 444 | 420 | 3,89 | 3,69 | 3,55 | 3,37 | 3,25
17 8,40 | 6,11 | 5,18 | 4,67 | 434 | 4,10 | 3,79 | 3,59 | 3,45 | 3,27 | 3,16
18 8,28 | 6,01 | 509 | 458 | 425 | 401 | 3,71 | 351 | 3,37 | 3,19 | 3,07
19 8,18 | 593 | 501 | 450 | 4,17 | 3,94 | 3,63 | 3,43 | 3,30 | 3,12 | 3,00
20 8,10 | 585 | 494 | 443 | 410 | 3,87 | 3,56 | 3,37 | 3,23 | 3,05 | 2,94
25 7,77 | 557 | 448 | 4,18 | 3,86 | 3,63 | 3,32 | 3,13 | 2,99 | 2,81 | 2,70
30 756 | 539 | 451 | 402 | 3,70 | 3,47 | 3,17 | 293 | 2,84 | 2,66 | 2,55
40 731 | 518 | 431 | 3,83 | 3,51 | 3,29 | 299 | 280 | 2,66 | 2,49 | 2,37
60 708 | 498 | 413 | 3,65 | 3,34 | 3,12 | 2,82 | 263 | 250 | 2,32 | 2,20

1-masala. Beshta po’lat namunalaridagi turli xil tarkibli marganesning o’rtacha
aniqlik xatosini hisoblang. Analizning natijasi, %Mn
1.0,31; 0,30; 0,29; 0,32;
2.0,52; 0,57; 0,58; 0,57;
3.0,71; 0,69; 0,71; 0,71,
4.0,92; 0,92; 0,95; 0,95;
5.1,18;1,17; 1;21; 1,19.

Yechish. Quyidagi formula asosida namunadagi o’rtacha qiymatni aniqlaymiz:
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6 +0, +0;+...+ 0, :in
n ]

X =
1 x— 0,31+ 0,30+ 0,29 + 0,32 :n07305.
5 %= 0,51+ 0,57 f 0,58 +0,57 _ 0.578.
3 % 0,71+ 0,69 i 0,71+0,71 _ 0,705.
4 % - 0,92 + 0,921 0,95+0,95 _ 0,935.
5 % — 118+117 ZiZl+ 119 _119.

Har bir namuna uchun kvadratlar farqini, so’ng esa
m n
2
22 (Xji —Xj)
11

n—m

S =

formuladan xatolikni hisoblaymiz.
Kvadratlar fargining giymatlari:
1) 0,005% + 0,0052 + 0,015% + 0,015%2 = 0,500-1073,
2) 0,012 + 0,0082 + 0,002 + 0,0082 = 0,276-10°3,
3) 0,005% + 0,0152 + 0,005% + 0,005% = 0,300-10°3,
4) 0,015% + 0,015 + 0,015% + 0,015% = 0,900-103.
5) 0,012 + 0,022 + 0,022 + 0,02 = 0,90-10°3,

f=4-5—-5 =15 uchun o’rtacha xanolikni hisoblaymiz:

S \/10—3 (0,500 + 0,276 + 0,300 + 0,900 + 0,900)
15 ’
S =0,014%.

2-masala. Kulrang cho’yandagi grafit anigqlanganida quyidagi tartibda bo’lgan
kattaliklar giymatlari olindi (% grafit): 2,86; 2,89; 2,90; 2,91; 2,99. Oxirgi natijani
go’pol xato deb hisoblash mumkinmi?

Yechish. Q = XL —*2 formuladan quyidagi munosabat tuziladi:
Q- 2,99-291 0,62
2,99 -2,86

Jadvaldan Q (P = 0,95; n =5) = 0,64 ekanligini topamiz. Q < Q (P; n) ni hisobga ol-
sak, oxirgi qiymat 2,99 qo’pol xato emasligini ko’ramiz, hamda uni boshga natija
giymatlari bilan birgalikda hisobga olish kerak.
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ANALIZNING OPTIK USULLARI

1-sxema

OPTIK ANALIZ USULLARINING KLASSIFIKATSIYASI

Absorbsion usullar
Modda tomonidan yorug’lik
nurining yutilishini o’Ichashga
asoslangan

Kolorimetriya

Emmision usullar
Modda tomonidan targatilgan
nurning intensivligini
o’Ichashga asoslangan

Fotokolorimetriya

Spektrofotometriya

Nurning eritma (suspenziya,
emulsiya)dagi muallaq
zarrachalar bilan ta’siridan
keyin uning intensivligini
o’lchashga asoslangan usullar

\ 4

Emmision spektral analiz

A 4

Alanga fotometriyasi

A 4

Fluorimetriya

Yorug’lik nuri ta’siri ostida
molekulalarning qutblanishiga
asoslangan usullar

Turbidimetriya

Nefelometriya

A 4

Refraktometriya
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Polyarimetriya




2-sxema

MOLEKULYAR-ABSORBSION ANALIZ USULLARI

Analiz spektrning ko’rinish, UB-, 1Q-sohasida molekula yoki ionlar
tomonidan elektromagnit nurlarning yutilishini o’lchashga asoslangan

Kolorimetriya

Fotoelektrokolori-
metriya

Spektrning ko’rinish, UB- va 1Q-
sohalaridagi spektroskopiya

Bu metod turli kon-
sentratsiyali eritma-
lar rangining inten-
sivligini taqgoslash-
ga asoslangan.
Yorug’lik monoxro-
matik emas.
Yorug’likning yuti-
lish qonuniga bo’y-
sinmaydi.

Spektr sohasi: 400-
700 nm. O’lchash
anigligi +5-10%.
Analiz uchun kolo-
rimetrik probirkalar
ishlatiladi.

Bu metod spektr-
ning ko’rinish soha-
sida  aniglanuvchi
moddaning  mono-
xromatik bo’lmagan
yoki gisman mono-
xromatik  nurlarni
yutish darajasini o’l-
chashga asoslangan.
Yorug’likning  yuti-
lish qonuniga bo’y-
sinadi.

Spektr sohasi: 300-
700 nm. Asbob — fo-
toelektrokolorimetr.
O’lchash aniqligi
+3%.

Bu metodlar modda tomonidan
spektrning ko’rinish (360-760 nm),
UB- (180-360 nm) va 1Q- (760-1100
nm) sohalarida monoxromatik nur-
larning yutilishini o’lchashga asos-
langan.

Spektr sohasi — Spektr sohasi —
180-760 nm. 760-1100 nm.
Asbob — UB- Asbob - 1Q-
spektrofotometr spektrofotometr
O’lchash anig- O’lchash anig-
ligi £2%. ligi £2%.
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SPEKTROSKOPIYA USULLARIDAGI ASOSIY TERMIN VA TUSHUNCHALAR

Yutilish spektri — yutilish (A yoki €) yoki o’tkazish (T) intensivligining to’lgin
uzunligi (A) yoki to’lqin soni (v) ga bog’liglik egri chizig’i.

Spektr xarakteristikasi — maksimumlar (yutilish chiziglari) soni; ularning
to’lqin uzunligi (yoki chastotalar) shkalasidagi o’rni; maksimumlar (intensivlik) ba-
landligi; yutilish chiziglarining shakli.

Tebranma spektr (1Q-spektroskopiya) — 4000-400 sm! sohasidagi xarakterli
maksimumlar (kimyoviy bog’lardagi atomli tebranishlar keltirib chigaradi); energiya-
ning yutilishiga bog’liq.

Xarakteristik chastotalar — muayyan bog’lar va atom guruhlariga mos kela-
digan to’lqin uzunliklari hamda molekula strukturasi o’zgarganda ular kam o’zgaradi.
(2000-4000 sm oralig C — H; O — H; N — H bog’larning valent tebranishlariga mos
keladi; 1500-1950 sm™ oraliq C = O; C = C; C = N; N = N bog’larning valent teb-
ranishlariga mos keladi). Moddaning sifat tarkibi va molekula strukturasi haqida ma’-
lumot beradi.

“Barmoq izlari” sohasi (IQ-spektroskopiya) — (600-1500 sm™) oraligda yu-
tilish spektrlaridagi chiziglar to’plami. Berilgan modda uchun xarakterli maksimum-
larni saqlaydi (identifikatsiyalash uchun qo’llaniladi).

Elektron spektr (UB-spektroskopiya) — modda elektron sistemasining qo’z-
g’alishiga bog’liq. Yorug’lik kvanti (muayyan energiyali nurlar) yutilganda bir ener-
getik holatdan ikkinchisiga o’tishi natijasida elektron qo’zg’algan holatga o’tadi.

G * O’tish Birikma
l 0 metan, etan, to’-
T \ y T*|6—o* yinmagan uglevo-
dorodlar

© n - -
= N—>G* N—=m* . spirtlar,  efirlar,
S T |n—o xlororganik birik-
o T—>T" malar

C |n—omn* aromatik birikma-

c—>0o" n — lar

Elektron pog’onalarning sxemasi va elektron o’tishlarning energiyasi

Batoxrom siljish — yutilish chizig’ining uzunroq to’lqin sohasiga siljishi.
Gipsoxrom siljish — yutilish chizig’ining qisqaroq to’lqin sohasiga siljishi.
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3-jadval

BA’ZI STRUKTUR ELEMENTLAR VA UGLEROD-UGLEROD BOG’LARNING
|Q-SOHASIDAGI XARAKTERISTIK TEBRANISH CHASTOTALARI

To’lqin soni, sm™

Tebranishlar turi va tegishli
struktur element

Modda

3700...3600 Valent tebranish, - O - H Har fenollar. ki
(tor chiziq) (erkin, assitsilanmagan guruh) Spirtlar, fenollar, kis-
1500...3300 Valent tebranish. - O — H lotalar, oksiketonlar,
T alent tebramish, — L — oksikislota efirlari
(keng chiziq) (bog’langan guruh)
Valent, -N-H _ _ o
3550...3350 (assitsilanmagan guruh) B'”a”?Ch' va tkki-
valent —N—H lamchi aminlar va
3500...3100 e amidlar
(assitsilangan guruh)
Atsetilenning mono-
3300...3270 Valent,=C-H almashingan hosila-
lari
Aminlar va amino-
3k350mh3'1'50 Valent, — NH; kislotalar  gidroxlo-
(keng chiziq) ridlari
3300...2500 Valent,-O-H Karbon  kislotalar,
(juda keng chiziq) (assitsilangan guruh) xelatlar

Aromatik uglevodo-

3100...3000 Valent, =C—-H )
rodlar, olefinlar
3000...2800 Valent, - C - H Parafinlar, siklopara-
finlar
2962, 2872 Valent, — CH; Parafinlar
2962, 2853 Valent, — CH, — Parafinlar
2900...2400 Valent, -O-D,-N-D Spirtlar, aminlar
2820 Valent, — O — CH;s Oddiy metil efirlar
2820...2730 Valent, N — CHjs N-metilamin
2820...2720 Valent, OC - H Aldegidlar
2600...2550 Valent, — S — H Merkaptanlar, - tiofe-
nollar
2300...2100 Valent, - C=X (X=C,N,0) | Auwetilen, nitrillar,
uglerod oksidlari
Valent, - Y =C=X ]
2270...2000 Izotsianat va ketonlar

(Y=N,C:X=0,5)
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3-jadvalning davomi

Atsetilenning 1,2-di-

2260...2190 Valent, -C=C - almashingan hosila-
lari
9960 Valent, - N*=N Dla_zonly_ tuzlarining
hosilalari
2245...2220 Valent, -C=N Nitrillar
2185...2120 Valent, -N=C — Izonitrillar
2140...2100 Valent, —- C=C - Monoalmashingan
atsetilenlar
1900...1600 Valent, -C =0 Karbonil birikmalar
Karbon  kislotalar-
1850...1740 Valent, -C -0 ning galogenangid-
ridlari
Karbon  kislotalar-
igggi;ig Valent,-C =0 ning angidridlari (2
ta chiziq)
1780...1750 Valent, - C = O :;‘i”"i::ggﬂ t:z:g::
1760...1700 Valent,-C=0 larning vinil efirlari
To’yinmagan karbon
1750...1730 Valent,-C -0 kislotalarning  alkil
efirlari
To’yinmagan alde-
1730...1710 Valent, - C =0 gidlar va ketonlar,
a, B-aromatik karbon
kislotalarning efirlari
1745 Valent,-C=0 Siklopentanon
1715 Valent,-C -0 Siklogeksanon
1705 Valent,-C -0 Siklogeptanon
1715...1680 Valent, - C - O ¢, p-to'yinmagan va
aromatik aldegidlar
1690...1630 Valent, - C = N Azometinlar, - oksi-
ranlar
1690...1660 Valent,—C =0 0, p-to’yinmagan va
aromatik ketonlar
Karbon kislotalar bir-
1680...1630 Valent, -C =0 lamchi, ikkilamchi va

uchlamchi amidlari
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3-jadvalning davomi

Aromatik birikmalar,

1660...1600 Valent, -C=C — )
olefinlar
Karbon  Kkislotalar-

1650...1620 Deformatsion, — NH; ning birlamchi amid-
lari

1650...1580 Deformatsion, — N — H Birlamchi va  ikki-
lamchi aminlar

1630...1615 Deformatsion, H — O — H (_3|dra_tlardag| kristal-
lizatsion suv

1610...1590 Aromatik xalqadaql uglerod-uglerod Aromatik birikmalar

bog’lar

1570...1510 Deformatsion,— N — H K_arbon . k!slotalar-

ning amidlari
1560 Valent, — NO, Alifatik  nitrobirik-
malar
1518 Valent, — NO, Aromatik nitrobirik-

malar

1500...1480 Aromatik xalqadaql uglerod-uglerod Aromatik birikmalar

bog’lar

1480...1430 Deformatsion. — CHs, - CH,_ | J9levodorodiar, mu-
rakkab efirlar

1420...1340 Deformatsion, — OH Splrtlgr, fenollar, kar-
bon kislotalar

1390...1370 Deformatsion, — CH3 Uglevodorodlar

1360...1030 Valent, - C-N < Amidlar, aminlar

1350...1240 Valent, — NO, Alifatik va aromatik
nitrobirikmalar

1335...1310 )

1200...1130 Valent, — SO, Organik sulfonlar
Oddiy efirlar, spirtlar,

1290...1050 Valent, -C -0 laktonlar, ketallar va
atsetallar

1250...1200 Valent, -C -0 — Fenollar

1250...1180 Valent, - C— O — To’yingan ~ karbon
kislotalarning efirlari

1200...1150 Valent,-C-0 - Uchlamchi spirtlar

1150...1080 Valent,-C-0 - Ikkilamchi spirtlar

140




3-jadvalning davomi

1050...1010 Valent,—-C -0 — Birlamchi spirtlar
1070...1030 Valent,-S=0 Sulfoksidlar
Etilenning 1,2-dial-
970...960 Deformatsion, = C — H mashingan hosilalar
(trans-izomerlar)
995...985 . Etilenning monoal-
915...905 Deformatsion, = C —H mashingan hosilalari
900...860 : Benzolning 1,3-dial-
810...750 Deformatsion, —C —H mashingan hosilalari
725...680 o Etilenning 1,1-dial-
885...855 Deformatsion, = C —H mashingan hosilalari
860...800 Deformatsion, — C — H Benzolning 1.4-dial-
mashingan hosilalari
780...500 Valent, — C — Hal Aromatik va alifatik
galogen hosilalar
770...735 Deformatsion, = C — H Benzolning 1,2-dial-
mashingan hosilalari
770...730 Deformatsion, = C — H Benzolning monoal-
mashingan hosilalari
To’rttadan  ko’proq
;éggzg Deformatsion, — C — H —CH2— guruhini sag-
lagan n-parafinlar
Oltingugurt saglagan
705...550 Valent, - C - organik  birikmalar
(merkaptanlar,  tio-
efirlar)
Etilenning 1,2-dial-
730...680 Deformatsion, — C — H mashingan hosilalari
(sis-izomerlar)
670 Deformatsion, — C — H Benzol
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4-jadval

SPEKTRNING TO’LQIN UZUNLIKLARI VA ULARGA TEGISHLI RANGLAR

N il A : Qo’shimcha rang
Y.utlla(’ilg.an yorug hk. Yutiladigan nurning (eritmada kuzatiladigan
ning to’lqin uzunliklari rangi :

rangi)
400-435 Binafsha Sarg’ish-yashil
435-480 Ko’k Sariq
480-490 Yashil-ko’k Zarg’aldoq
490-500 Ko’kimtir-yashil Qizil
500-560 Yashil Qirmizi
560-580 Sarg’ish-yashil Binafsha
580-595 Sariq Ko’k
595-605 Zarg’aldoq Yashil-ko’k
605-730 Qizil Ko’kimtir-yashil
730-760 Qirmizi Yashil
5-jadval
To’lqin uzunligi A
Chastota v, Ghz | To’lqin soni 6, sm™
m mkm nm
10”7 0,1 100 3-10%° 10°
106 1 1000 3-10% 10%
107 10 10000 3-10%3 103
5.1-jadval
Bir kattalikdan ikkinchi kattalikka o’tish
Kattaliklar Matematik amallar
o, smt v, Ghz o ni 3-10%° ga ko’paytirish
A, mkm v, Ghz 3-10% ni A ga bo’lish
A, nm v, Ghz 3-10Y" ni A ga bo’lish
A, mkm G, smt 10 ni A ga bo’lish
v, Ghz A, mkm 3-10% ni v ga bo’lish
v, Ghz o, sm* v ni 3:10%° ga bo’lish
o, smt A, mkm 10% ni v ga bo’lish

Izoh: ¢ —to’lqin soni; v — tebranish chastotasi; A — to’1qin uzunligi.
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9-jadval

TURBIDIMETRIYA VA NEFELOMETRIYA USULLARIDA
MIQDORIY ANIQLASH USULLARI

Turbidimetriya

Nefelometriya

1. Darajalangan grafik usuli

Ma’lum konsentratsiyali standart eritma-
larning turbidimetrik analiz natijalariga
asosan A = f(C) bog’liglik grafigi tuziladi
(bog’liglik chiziqli emas).

A

|——

| ———

C
2. Turbidimetrik titrlash
Bu usul titrantning aniglanadigan mod-da
bilan giyin eruvchan birikmalar cho’k-
masini hosil qilish reaksiyasiga asoslan-
gan.
Ekvivalent nugtada loygalanish maksi-
mumga yetadi. Titrantning keyingi qo’-
shilishi loyqalanish darajasiga ta’sir et-
maydi.

A A

|——
Tekv
Turbidimetrik titrlash egri chizig’i

—>
V, sm3

1. Darajalangan grafik usuli

Ma’lum konsentratsiyali standart eritma-
larning nefelometrik analiz natijalariga
asosan grafiklar tuziladi:

a) IL = f(C) bog’liglik bo’yicha;
0

|————]——
Cy C

Konsentratsiya ortishi bilan targalgan yo-

rug’likning intensivligi ham ortadi.

b) Awy = f(Ig C) bog’liglik bo’yicha;

Atuy

|—I I | —
IgC
Konsentratsiya ortishi bilan tuyulma op-

tik zichlik (Awy) kamayib boradi.
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10-jadval

REFRAKTOMETRIYA VA POLYARIMETRIYA USULLARINING IMKONIYATLARI

Refraktometriya |

Polyarimetriya

Sifat analizi

1. n kattaligi bo’yicha moddalarni identifi-
katsiyalash.

2. Birikmalarning, shu jumladan dorivor pre-
paratlarning tozaligini aniglash.

1. [a]® Kattalik bo’yicha optik faol mod-

dalarni identifikatsiyalash.
a ning qiymati o’Ichanadi, formula bo’yicha

[oc]%o topiladi va ma’lumotnoma qiymatlari
bilan solishtiriladi.

Miqdori

y analiz

1. Eritmaning sindirish ko’rsatkichi n addi-
tiv kattalik ekanligini hisobga olgan holda,
moddalarning konsentratsiyasi (C) quyidagi
formulaga muvofiqg aniglanadi:

n—ng
Cy = =

bunda:
n — aniglanadigan moddaning sindirish
ko’rsatkichi;
No — erituvchining sindirish ko’rsatkichi;
F — muayyan konsentratsiya uchun re-
fraktometrik faktor (const), u konsentra-
tsiya 1% ga ko’payganda sindirish ko’r-
satkichi necha marta ortishini ko’rsatadi.
2. Ikki va undan ortig komponentli aralash-
malardagi moddalarning konsentratsiyasi qu-
yidagi formula bo’yicha hisoblanadi:

c, _Nn-ng —F1C1’
F>
bunda:
C: — boshga usul bilan aniglangan

komponentning konsentratsiyasi;

F1 — konsentratsiyasi boshga usul bilan
aniglangan moddaning refraktometrik
faktori;

F. — tekshiriladigan modda tarkibidagi
ikkinchi komponenntning refraktometrik
faktori.

3. Darajalangan grafik usuli:

1. Optik faol moddalarning konsentratsiyasi
quyidagi formulaga muvofiq topiladi:

_a-100
[a]B 1
2. Darajalangan grafik usuli:
@ A
Oy [--=--=--—-- X
T i
i
1 i
——
C, C
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FOTOMETRIYADA KONSENTRATSIYANI ANIQLASHNING ASOSIY USULLARI

1. Darajalangan grafik usuli
(faqat monoxromatik nurlar uchun qo’llaniladi).

A A

o ,
+ | A=¢lC
i A=£(C)

1
] | — »

1 1 1 =

c, C

2. Molyar yutilish koeffitsiyentining o rtacha giymati bo yicha aniglash usuli
(tekshiriladigan konsentratsiyalar sohasida Buger-Lambert-Ber gonuniga amal qilini-
shi shart: A= ¢1-C).
Cort = | Aét ; Cy :i’
.Cq -

bunda:

Aq — standart eritmaning optik zichligi;

Cst — standart eritmaning konsentratsiyasi;

ot — molyar yutilish koeffitsiyentining o’rtacha giymati.
Bir nechta standart eritmalarning optik zichligi As aniglanadi, € hisoblanadi va &,
topiladi, Ax o’Ichanadi va Cy formula bo’yicha topiladi.

3. Qo ’shimchalar usuli
(murakkab tarkibli eritmalar analizida qo’llaniladi).

AX = E'I'Cx,
bunda:
A, — aniglanadigan eritmaning optik zichligi;
Cx — aniglanadigan eritmaning konsentratsiyasi.
Axist = 8'I'(Cx + Cst),
bunda:

Ay+st — aniglanadigan eritmaga qo’shilgan standart eritmaning optik zichligi;
Cst — standart eritmaning konsentratsiyasi.

A C .
X — X yoki Ay (Cx + Cs) = Axsst'Cy,
Ax+st Cx + Cst
A
Cx = Cst .
Ax+st - Ax

Qo’shimchalar usulida Cx ni, shuningdek Ay = f (Cs) koordinatalaridagi grafik
bo’yicha ham topish mumkin.
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4. Differensial fotometriya usuli
(rangli eritmalar analizida qo’llaniladi).

Hisoblash usullari:

A A
C,
A, T
I
__Al ' Cx=Co+C4
\ | ' | - Ac=Aot+ A
i /Cy, C C
Aos 0 X

Differensial fotometriyaning
darajalangan grafigi

bunda:
A — yutilishning ko’payishi;
C; — konsentratsiyaning ko’payishi;
Co — ma’lum konsentratsiyali rangli eritmaning konsentratsiyasi (taqgoslash
eritmasi);
Ao — taqgoslash eritmasining optik zichligi;
Cx — tekshiriladigan eritmaning konsentratsiyasi;
A, — tekshiriladigan eritmaning optik zichligi.

(Cx —Co)

F = ; C, =Co + A - Fg,

n

bunda:
F — analitik faktor;
Co — taggoslash eritmasidagi modda miqdori;
A, —ma’lum konsentratsiyali bir qator eritmalarning yutishi;
A, — tekshiriladigan eritmaning yutishi.

5. Fotometrik titrlash usuli

(ekvivalent nuqtani fotometrik aniqlash usuliga asoslangan, namunadagi ko’p sonli
moddalar analizida qo’llaniladi).
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1

1
| | | .
T -

| 1
Tekv V, sm3
Tekshiriladigan eritmaning
yutish kattaligi bo’yicha
fotometrik titrlash egri
chizig’i

Y

Tekv  V, sm®

Titrantning yutish kattaligi
bo’yicha fotometrik titrlash
egri chizig’

6. Ko p to’lginli spektrofotometriya
(ko’p komponentli aralashmalar analizida qo’llaniladi).

bunda:

A?\.l A?\.Z . 7L1
Cp= M xz » xz ’
C2 ==

€ 2" T&1" gy

A — birinchi analitik to’lqin uzunligi;
A2 — ikkinchi analitik to’lqin uzunligi;

AM

kk kk’
gM gt 2 2

| ] | »

V, sm3

Reaksiya mahsulotining
yutish kattaligi bo’yicha
fotometrik titrlash egri
chizig’i

Tekv

— A1 to’lqin uzunlikdagi aralashmaning optik zichligi;

— A2 to’lqin uzunlikdagi aralashmaning optik zichligi;
C; — 1-komponentning konsentratsiyasi;
C,-2- komponentning konsentratsiyasi;

M. Ao LA
81 ,82 ,81 ,82

ponentlarning molyar yutilish koeffitsiyentlari.
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11-jadval

KONSENTRATSIYASI %(UM.) DA IFODALANGAN SPIRT-SUVLI ERITMALARNING
SINDIRISH KO’RSATKICHLARI

Spirt Sindirish Har 1% spi_rt Harorat
konsentratsiyasi korsatkichi uchun_ tu_zatls_h koeffitsiyenti
(20°C da) koeffitsiyenti
0 1,33300 1,0-10*
1 1,33345 4,5-10* 1,0-10*
2 1,33400 5,5:104 1,0-10*
3 1,33444 4,4-10* 1,1-10*
4 1,33493 49-10* 1,1-10*
5 1,33535 42-10* 1,2:10*
6 1,33587 5,2-10* 1,2-10*
7 1,33641 54-10% 1,310
8 1,33700 5,9-10* 1,310
9 1,33760 6,0-10* 1,310
10 1,33808 4810 1,410
11 1,33870 6,2:10* 1,410
12 1,33924 5,4-10* 1,4-10*
13 1,33977 5,3-10* 1,4-10*
14 1,34043 6,6:107 1,4-107*
15 1,34096 53-104 1,5-10*
16 1,34158 6,2:10* 1,5-10*
17 1,34209 5,1:10*4 1,5-10*
18 1,34270 6,1-10 1,510
19 1,34330 6,0-107 1,510
20 1,34390 6,0-10 1,6-107*
21 1,34452 6,2:10* 1,6-10*
22 1,34512 6,0-10* 1,7-10*
23 1,34573 6,1:10* 1,8-10*
24 1,34635 6,2:10* 1,9-10*
25 1,34697 6,2:107 2,0-10
30 1,35000 6,0-10 2,0-10
35 1,35320 6,410 2,1-10
40 1,35500 4,0-10* 2,410
45 1,35700 4,0-10* 2,410
50 1,35900 4,0-10* 2,610
55 1,36060 3,2:10* 2,6-10*
60 1,36180 2,4-10* 3,4-10*
65 1,36300 2,4-10* 3,6-10*
70 1,36380 1,6-10* 3,810
75 1,36450 1,4-10* 4,0-10*
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12-jadval

TURLI KONSENTRATSIYALI DORIVOR MODDALAR SUVLI ERITMALARINING SINDIRISH
KO’RSATKICHI FAKTORLARI (F)

Eritmalarning sindirish ko’rsatkichlari faktorlari

Konsentra- _
tsiya, % Ammiak Analgin Antipirin Barbamil
eritmasi
1 0,00190 0,00225 0,00181
2 0,00190 0,00225 0,00180
3 0,00180 0,00226 0,00180
4 1 5%.li 0,00185 0,00226 0,00180
5 konsentra- 0,00192 0,00226 0,00180
6 tsiyalari uchun 0,00188 0,00226 0,00179
0,00050

7 0,00186 0,00226 0,00179
8 0,00187 0,00227 0,00178
9 0,00187 0,00227 0,00178
10 0,00192 0,00227 0,00178

Konsentra- Natriy Geksametilen- | Glyukoza, Glyul_<oza, i

: . . : nam miqdorli
tsiya, % barbital tetramin suvsiz
10%

1 Hamma 0,00164 Hamma Hamma
2 _konsentra- 0,00164 _konsentra— _konsentra—
3 tsiyalar uchun 000165 tsiyalar uchun | tsiyalar uchun
4 0,00165
5 0,00165
6 0,00165
7 0,00165
8 0,00166
9 0,00166
10 0,00166
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12-jadvalning davomi

Ktos ?;Z’ng/roa_ Izoniazid Kaliy atsetat | Kaliy bromid | Kaliy yodid
1 0,00200 0,00130 0,00121 Hamma
2 0,00215 0,00125 0,00120 ts,l;c;r;zmtéﬁun
3 0,00213 0,00123 0,00120 0,00130
4 0,00215 0,00120 0,00119
5 0,00214 0,00116 0,00119
6 0,00213 0,00113 0,00119
7 0,00211 0,00110 0,00118
8 0,00210 0,00111 0,00118
9 0,00210 0,00110 0,00117
10 0,00210 0,00110 0,00117

“vaoe | Keliyxorid | SRS | aemo | kst
1 0,00140 0,00164 0,00120 Hamma
2 0,00135 0,00163 0,00120 ts,l;zr;zmtéﬁun
3 0,00133 0,00162 0,00120 0,00185
4 0,00132 0,00161 0,00117
5 0,00132 0,00160 0,00116
6 0,00131 0,00159 0,00116
7 0,00131 0,00158 0,00116
8 0,00130 0,00157 0,00115
9 0,00130 0,00156 0,00115
10 0,00130 0,00155 0,00115
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12-jadvalning davomi

Ktos ?;Z’ng/roa_ Alili(s?ggn Borat kislota Nk:slj%tt': Kodein fosfat
1 0,00160 Hamma Hamma Hamma
konsentra- konsentra- konsentra-
2 0,00160 tsiyalar uchun | tsiyalar uchun | tsiyalar uchun
3 0.00160 0,00067 0,00210 0,00180
4 0,00159
5 0,00159
6 0,00158
7 0,00158
8 0,00158
9 0,00157
10 0,00157
Ktosri];g,n(t;)a- kofe|?lr(’1j1 ltt><relr¥zoat Mair;llzllil;lfat bNeﬁtz:)Igt Natriy bromid
1 Hamma Hamma 0,00211 0,00130
konsentra- konsentra-
2 tsiyalar uchun | tsiyalar uchun 0,00211 0,00130
3 0.00192 0,00090 0,00210 0,00133
4 0,00210 0,00133
5 0,00210 0,00134
6 0,00210 0,00133
7 0,00210 0,00133
8 0,00209 0,00133
9 0,00209 0,00132
10 0,00209 0,00132
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12-jadvalning davomi

Ktosril;:l’ng/roa— gidrlc\)llil;:gonat Natriy yodid sel::?[tsri IIgt te'tNrZLr$¥at
1 Hamma Hamma 0,00206 0,00110
konsentra- konsentra-
2 tsiyalar uchun | tsiyalar uchun 0,00206 0,00110
3 0.00125 0.00143 0,00206 0,00110
4 0,00206 0,00107
) 0,00206 0,00106
6 0,00205 0,00103
7 0,00205 0,00100
8 0,00205 0,00100
9 0,00205 0,00100
10 0,00205 0,00100
1 0,00120 0,00170 0,00100 0,00120
2 0,00120 0,00170 0,00150 0,00120
3 0,00130 0,00170 0,00140 0,00120
4 0,00127 0,00170 0,00150 0,00120
5 0,00122 0,00170 0,00140 0,00118
6 0,00117 0,00170 0,00136 0,00120
7 0,00123 0,00170 0,00143 0,00120
8 0,00125 0,00165 0,00137 0,00120
9 0,00122 0,00164 0,00144 0,00118
10 0,00121 0,00165 0,00140 0,00118
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12-jadvalning davomi

Konsentra- . Novokain- Natriy Pilokarpin
] Novokain ) norsulfazol, ) )
tsiya, % amid . gidroxlorid

suvsiz
1 0,00221 Hamma 0,00239 0,00160
konsentra-
2 0,00221 tsiyalar uchun 0,00238 0,00165
3 0,00221 0,00230 0,00238 0,00166
4 0,00221 0,00238 0,00167
5 0,00220 0,00237 0,00166
6 0,00220 0,00237 0,00166
7 0,00220 0,00237 0,00166
8 0,00220 0,00236 0,00166
9 0,00220 0,00236 0,00166
10 0,00220 0,00235 0,00166
Konsentra- . . ) Eruvchan
tsiya, % Rezorsin Natriy sulfatsilat streptotsid
1 1 —5%-li 0,00198 0,00190
konsentra-
2 tsiya'ar uchun 0,00195 0,00190
3 0,00200 0,00197 0,00190
4 0,00197 0,00190
5 0,00198 0,00188
6 0,00198 0,00188
7 0,00198 0,00188
8 0,00198 0,00188
9 0,00198 0,00188
10 0,00197 0,00188
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ILOVALAR

1-jadval
TURLI HARORATLARDA SUVNING ION KO’PAYTMASI KH.0

teC KH.0 aH*=aOH- t°C KH:0 aH*=aOH-
0 0,13-10% 0,36:10°7 28 1,62-10°% 1,27-10°7
5 0,21-10°%4 0,46-10°7 29 1,76-10°% 1,33-10°
10 0,36-104 0,59-10°7 30 1,89-10°% 1,37-10°°
15 0,58-104 0,76-10°7 35 0,27-10°% 1,65-10°
16 0,63-10 1 0,79-10°7 40 0,38-10°13 1,95-10°7
17 0,68-10 1 0,82:10°7 50 0,56-10°13 2,4-10°7
18 0,74-10° 1 0,86:10°7 60 1,26-10713 3,55-10°7
19 0,79-10°4 0,89-10°7 70 2,10-10°1 0,49-10°°
20 0,86-1014 0,93-10°7 80 3,40-10°1 0,58-10°°
21 0,93-10°4 0,96-10°7 90 0,52-10°% 0,72-10°°
22 1,00-10°% 1,00-10°7 100 0,74-10°12 0,86-10°°
23 1,10-10°% 1,05-10° 120 1,25-10°%2 1,12-10°°
24 1,19-10°% 1,09-10° 140 1,80-10°%2 1,34-10°°
25 1,27-10°% 1,13-10°7 160 2,50-10°% 1,58-10°
26 1,38-10°1 1,17-10°7 180 3,20-10°% 1,80-10°
27 1,50-10°1 1,23-10°7 200 0,40-10°1 2,0:10°°
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2-jadval

BA’ZI KISLOTA VA ISHQOR ERITMALARINING ZICHLIGI VA KONSENTRATSIYASI

(t=20°C)

Zichlik, Massa Molyarlik, Zichlik, Massa Molyarlik,
kg/m?® ulushi, % mol/I kg/m? ulushi, % mol/l
Kislotalar:
nitrat
1,000 0,333 0,052 1,280 45,27 9,195
1,020 3,982 0,645 1,300 48,42 9,990
1,040 7,530 1,243 1,320 51,71 10,83
1,060 10,97 1,845 1,340 55,13 11,72
1,080 14,31 2,453 1,360 58,78 12,68
1,100 17,58 3,068 1,380 62,70 13,73
1,130 22,38 4,012 1,400 66,97 14,88
1,150 25,48 4,649 1,420 71,63 16,14
1,170 28,51 5,293 1,440 76,71 17,53
1,190 31,47 5,943 1,460 82,39 19,09
1,200 32,94 6,273 1,480 89,07 20,92
1,210 34,41 6,607 1,500 96,73 23,02
1,220 35,93 6,956 1,510 99,26 23,79
1,240 39,02 7,679 1,513 100,00 24,01

1,260 42,14 8,426

sulfat

1,000 0,261 0,027 1,340 44,17 6,035
1,020 3,242 0,337 1,360 46,33 6,424
1,040 6,237 0,661 1,380 48,45 6,817
1,060 9,129 0,987 1,400 50,50 7,208
1,080 11,96 1,317 1,420 52,51 7,603
1,100 14,73 1,652 1,440 54,49 8,000
1,120 17,43 1,990 1,460 56,41 8,397
1,140 20,08 2,334 1,480 58,31 8,799
1,160 22,67 2,681 1,500 60,17 9,202
1,180 25,21 3,033 1,520 62,00 9,608
1,200 27,72 3,391 1,580 67,35 10,85
1,220 30,18 3,754 1,640 72,52 12,13
1,240 32,61 4,123 1,700 77,63 13,46
1,260 35,01 4,498 1,750 82,09 14,65
1,280 37,36 4,876 1,800 87,69 16,09
1,300 39,68 5,259 1,820 91,11 16,91
1,320 41,95 5,646 1,835 95,72 17,91
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2-jadvalning davomi

Zichlik, Massa Molyarlik, Zichlik, Massa Molyarlik,
kg/m? ulushi, % mol/Il kg/m3 ulushi, % mol/I
ortofosfat
1,000 0,296 0,030 1,340 50,66 6,928
1,020 4,000 0,416 1,380 55,28 7,84
1,040 7,643 0,811 1,420 59,74 8,658
1,060 11,19 1,210 1,460 64,03 9,541
1,080 14,60 1,609 1,500 68,10 10,42
1,100 17,87 2,005 1,540 72,00 11,32
1,120 21,03 2,403 1,580 75,76 12,22
1,140 24,07 2,800 1,620 79,40 13,12
1,160 27,05 3,203 1,660 82,96 14,06
1,180 29,94 3,606 1,700 86,38 14,98
1,200 32,75 4,010 1,740 89,72 15,93
1,220 35,50 4,420 1,780 92,97 16,89
1,240 38,17 4,829 1,820 96,15 17,85
1,260 40,79 5,245 1,840 97,71 18,34
1,280 43,37 5,655 1,860 99,24 18,84
1,300 45,88 6,087 1,870 100,00 19,08
xiorid
1,000 0,360 0,099 1,110 22,33 6,796
1,010 2,364 0,655 1,120 24,25 7,449
1,020 4,388 1,227 1,130 26,20 8,118
1,030 6,433 1,817 1,140 28,18 8,809
1,040 8,490 2,421 1,150 30,14 9,505
1,050 10,52 3,029 1,160 32,14 10,225
1,060 12,51 3,638 1,170 34,18 10,97
1,070 14,50 4,253 1,180 36,23 11,73
1,080 16,47 4,878 1,190 38,32 12,50
1,090 18,43 5,510 1,198 40,00 13,14

1,100 20,39 6,150

xlorat

1,005 0,00 0,100 1,300 40,10 5,189
1,020 3,61 0,366 1,350 44 81 6,021
1,060 10,06 1,061 1,400 49,23 6,860
1,100 16,00 1,752 1,450 53,27 7,689
1,140 21,64 2,456 1,500 57,06 8,519
1,180 26,82 3,150 1,550 60,78 9,377
1,220 31,61 3,839 1,600 64,50 10,27
1,260 36,03 4,519 1,675 70,15 11,70
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2-jadvalning davomi

Zichlik, Massa Molyarlik, Zichlik, Massa Molyarlik,
kg/m? ulushi, % mol/I kg/m? ulushi, % mol/l
Ishqorlar:
ammiak eritmasi
0,880 34,35 17,75 0,940 14,88 8,21
0,884 32,84 17,05 0,958 9,87 5,55
0,888 31,37 16,36 0,960 9,34 5,23
0,892 30,00 15,71 0,980 4,27 2,46
0,896 28,67 15,08 0,990 1,89 1,10
0,900 27,33 14,44 0,994 0,98 0,57
0,908 24,68 13,16 0,998 0,05 0,03

0,920 20,88 11,28

kaliy gidroksid (o’yuvchikaliy)
1,000 0,20 0,035 1,330 33,97 8,05
1,005 0,74 0,133 1,400 40,37 10,07
1,050 5,66 1,06 1,450 44,79 11,58
1,080 8,89 1,71 1,500 49,10 13,13
1,095 10,49 2,05 1,510 49,95 13,45
1,110 12,08 2,39 1,520 50,80 13,76
1,200 21,38 4,57 1,530 51,64 14,08
1,290 30,21 6,95 1,535 52,05 14,24
natriy gidroksid (o’yuvchinatriy)

1,000 0,159 0,040 1,330 30,20 10,04
1,005 0,602 0,151 1,400 36,99 12,95
1,050 4,655 1,222 1,450 42,07 15,25
1,080 7,38 1,992 1,500 47,33 17,75
1,095 8,74 2,391 1,510 48,38 18,26
1,110 10,10 2,802 1,520 49,44 18,78
1,200 18,26 5,476 1,530 50,50 19,31
1,290 26,48 8,539
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KISLOTALARNING IONLANISH KONSTANTALARI
(KISLOTALILIK KONSTANTALARI)

3-jadval

Kislota nomi Formulasi Ka pKa =—IgKa
Bir asosli
Nitrit HNO, 6,9-10* 3,16
Azid HN3 2,0-10° 4,70
(\)/lfs?gmd per H.0, 2,6:1012 11,58
Rodanid HSCN 1,4-1071 0,85
Ftorid HF 6,2:107 3,21
Xlorit HCIO, 1,1:1072 1,97
Gipoxlorit HCIO 2,95-10°8 7,53
Sianat HCNO 2,7-10% 3,57
Sianid HCN 5,0-1071° 9,30
grl?s'?rgs'rka NH,CH,COOH 1,7-1010 9,77
Benzoy Ce¢HsCOOH 6,3:10°° 4,20
Xlorbenzoy CICsH;,COOH 1,2:1073 2,92
Glikol CH,(OH)COOH 1,5-10* 3,83
Glyukon CH,OH(CHOH),COOH 1,410 3,86
g_‘::]‘;‘ilakril) CH3CH = COOH 2,0-10° 4,69
Laurin CH3(CH3)1,COOH 1,1-10° 4,95
Sut CH3;CHOHCOOH 1,38-10* 3,86
Chumoli HCOOH 1,78-10* 3,75
o-Nitrobenzoy O2NCgH4sCOOH(1,2) 6,8-1073 2,17
Pikrin HOC¢H,(NO,)3 4,2-101 0,38
Propion CH3;CH,COOH 1,35-10° 4,87
Moy CH3(CH,),COOH 1,5-10°5 4,82
Sirka CH3;COOH 1,75-10°° 4,75
Fenol CesHsOH 1,05-10°1° 9,98
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3-jadvalning davomi

Monoxlorsirka CH,CICOOH 1,41-10°3 2,85
Dixlorsirka CHCI,COOH 5,0-1072 1,30
Trixlorsirka CCI;COOH 2,0-101 0,70
Monoyodsirka CH,ICOOH 6,7-107* 3,17
Ikki asosli
) Ki=14-107 1,85
Sulfit H2803 K2 _ 6,2‘ 1078 7’20
) Ki=1,0-10" 7,00
Sulfid H2S K, =2,5-10"%2 12,60
Ki=45-10" 6,35
Karbonat H.CO
arbona 2L K,=5,0-10 10,30
Kl = 2,1‘1071 0,67
Xromat H>CrO,4 Kp=3.2-107 6.50
) Ki=1,3-10"3 2,89
vino Mo CaMiOs K»=3,010°3 4,52
Ki=1,8-103 2,75
Selenat H2SeOs Kp=3210° 85
) Ki=2,7-10"° 2,57
Tellurit H,TeOs Ko 18107 774
Ki=5,6-10" 1,25
Oksalat H2C204 K, = 5,4_ 10_5 4’27
K=6,17-10"° 421
hrab H,C4H,O ’ ’
Qahrabo 2allatoa K = 2,29-10° 5,64
. Ki=1,1-10"° 2,97
Salitsil CeH4(OH)COOH ’ ’
ol oHe(OH) K, =3.610"% 13,59
. K,=3,1-10"° 2,51
Sulfosalitsil HSO3;C¢H3(OH)COOH
HITOSaTIS! :CeHa(OH) Ks=2,0-1022 11,70
Uch asosli
Ki=7,1-107 9,15
Borat H;BO3; K,=1,8-101% 12,74
K;=1,6-107% 13,80
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3-jadvalning davomi

K;=5,6-10"3 2,25
Arsenat H3AsO, K,=1,7-10" 6,77
K;=2,95-10"% 11,53
Ki=7,1-1073 2,15
Ortofosfat H3PO4 K>=6,2-10"8 7,21
K;=5,0-101% 12,3
i Ky=2,5-10" 1,6
Fosfit HsPO
e Ko=2,0-107 6,7
To’rt asosli
Ki=1,0-107 2,00
Etilendiamin- Ko=2,1-10" 2,67
tetrasirka (CH2)2N2(CH,COOH)(H,Y) Kz=6,9-107 6,16
Ks=5,5-101 10,26
Ki=13-101 9,9
Ortosilikat H4SiO, K,=1,6-10" 11,8
K;=2,0-10"% 13,7
4-jadval
ASOSLARNING IONLANISH KONSTANTALARI
(ASOSLILIK KONSTANTALARI)
Aso0s nomi Formulasi Kb pKb = — IgKs
Bir kislotali
Ammiak NH;3;-H,O 1,76-10°° 4,76
Litiy gidroksid LiOH 6,8-101 0,17
Anilin CeHsNH, 3,31-1071° 9,48
Butilamin CH3(CH2)2CH2NH2 + H,0 6,0104 3,22
Dimetilamin (CHs),NH 7,24-10°* 3,14
Dimetilanilin CsHsN(CHs3), 2,4-10710 9,62
Dietilamin (C,Hs),NH 9,55-10* 3,02
Metilamin CH3NH, 5,37-10* 3,27
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4-jadvalning davomi

Piridin CsHsN 1,51-10°° 8,82
Trietilamin (C2Hs)sN + H0 1,0-10°3 2,99
Xinolin CoH7N 8,71-10°%0 9,06
Etilamin CoHsNH, 4,68-10* 3,33
Etilanilin CsHsNHC,H5 4,0-10°10 9,40
Ikki kislotali
Bariy gidroksid Ba(OH), K,=2,29-10"1 0,64
Kalsiy gidroksid Ca(OH), K, =4,27-1072 1,37
Sy - 104

Gorsid RO e
Rux gidroksid Zn(OH);, K,=1,5-10"° 8,82
Gidrazin N2H, K1=933:107 0.03

K,=1,86-10 13,73
Gidroksilamin NH,OH 9,33:10°° 8,03
Pirazin N= CHCE JBCH -en 4,510 13,35
Purin '\|'\\ I /)NH +H,0 2,45-1012 11,61

N N

Tiomochevina CS(NHy), + H,0 1,1-10712 11,97
Fenilgidrazin CsHsNHNH; + H,O 1,6-10°° 8,80
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5-jadval
BUFER ARALASHMALAR

Universal bufer aralashma
100 ml H3PO4, CH3COOH, H3BO3 aralashmasi (har bir komponentning nisbati 0,04M bo’lgan
eritma) + a ml 0,2M NaOH

pH a pH a

1,81 0 6,80 50,0
1,89 2,5 7,00 52,5
1,98 5,0 1,24 55,0
2,09 7,5 7,54 57,5
2,21 10,0 7,96 60,0
2,36 12,5 8,36 62,5
2,56 15,0 8,69 65,0
2,87 17,5 8,95 67,5
3,29 20,0 9,15 70,0
3,78 22,5 9,37 72,5
4,10 25,0 9,69 75,0
4,35 27,5 9,91 77,5
4,56 30,0 10,38 80,0
4,78 32,5 10,88 82,5
5,02 35,0 11,20 85,0
2,33 37,5 11,40 87,5
5,72 40,0 11,58 90,0
6,09 42,5 11,70 92,5
6,37 45,0 11,82 95,0
6,59 47,5 11,98 100,0

Atsetatli bufer aralashma
pH ning talab etiladigan qiymatidagi bufer eritmani tayyorlash uchun ko’rsatilgan hajmdagi 1M
sirka kislotadan o’Ichab olinadi, 50,0 ml 1M NaOH eritmasi qo’shiladi va 500 ml gacha distillangan
suv bilan suyultiriladi

oH Sirka Kislota, oH Sirka Kislota, oH Sirka Kislota,
1M, ml 1M, ml 1M, ml
3,8 421,5 4,67 100,0 55 57,4
3,9 345,1 4,7 96,8 5,6 55,9
4,0 2844 4,8 87,2 57 54,7
4,1 136,2 4,9 79,5 5,8 53,7
4,2 197,9 5,0 73,4 5,9 53,0
4,3 167,4 51 68,6 6,0 52,3
4.4 143,3 52 64,8 6,1 51,9
4,5 124,1 53 61,7 6,2 51,5
4,6 108,9 54 59,3 6,3 51,2
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5-jadvalning davomi

Fosfatli bufer aralashma
a ml 1/15M NazHPO4 va (100 — a) ml 1/15M KH2PO4 dan iborat aralashma

pH a pH a
4,80 0,35 6,45 28,70
4,85 0,45 6,50 31,30
4,90 0,60 6,55 34,10
4,95 0,75 6,60 37,10
5,00 0,95 6,65 40,00
5,05 1,15 6,70 43,00
5,10 1,35 6,75 46,00
515 1,55 6,80 49,20
5,20 1,80 6,85 52,20
5,25 2,05 6,90 55,20
5,30 2,30 6,95 58,20
5,35 2,65 7,00 61,20
5,40 3,00 7,05 64,20
5,45 3,45 7,10 67,00
5,50 3,90 7,15 69,80
5,55 4,35 7,20 72,60
5,60 4,90 7,25 75,40
5,65 5,50 7,30 77,70
5,70 6,20 7,35 79,90
5,75 7,00 7,40 81,80
5,80 7,90 7,45 83,50
5,85 8,80 7,50 85,20
5,90 9,80 7,55 86,90
5,95 10,80 7,60 88,50
6,00 12,10 7,65 89,90
6,05 13,50 7,70 91,20
6,10 15,00 7,75 92,40
6,15 16,70 7,80 93,60
6,20 18,40 7,85 94,60
6,25 20,10 7,90 95,50
6,30 22,10 7,95 96,20
6,35 24,20 8,00 96,90
6,40 26,40
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5-jadvalning davomi

Ayrim moddalarning bufer eritmalari

modda

pH

0,05M Kaliy tetraoksalat digidrat eritmasi
(KH3C4H403'2H20; M.m. 254,19)

1,679 (25 °C)

Kaliy gidrotartratning to’yingan eritmasi (= 0,025M)
(KHC4H4Og; M.m. 188,178)

3,567 (25 °C)

0,05M kaliy digidrotsitrat
(KH2CgHsO7; M.m. 230,215)

3,776 (25 °C)

0,05M kaliy gidroftalat eritmasi

4,008 (25 °C)

Piperazinfosfatning to’yingan eritmasi* (= 0,065M)
(C4H12N2HPO4-H,0; M.m. 202,147)

6,36 (16 °C):;
6,34 (18 °C)

0,05M natriy tetraborat eritmasi
(NagB40710H20, M.m. 381,372)

9,18 (25 °C):;
9,07 (38 °C)

* xona haroratida ekvimolekulyar migdorda piperazin va fosfat kislotalarni aralashtirib va gayta

kristallab piperazin-fosfat tayyorlanadi
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6-jadval

BA’ZI ELEKTROLITLARNING TERMODINAMIK (EKT) VA KONSENTRATSION (EKK)

ERUVCHANLIK KO’PAYTMALARI HAMDA ERUVCHANLIGI (S)

Birikma formulasi EKT EKK Sm, mol/l | S, g/100 ml
arsenatlar
AQgs;AsO, 1,12-107%° 3,59-10°° 1,66-10*
AlAsO, 1,6-10716 1,6-10716 1,27-10°8 2,10-10°7
Bas(AsO,), 7,76-10°1 3,73-101 2,57-107°
BiAsO, 4,37-10°10 2,09-10° 7,27-10*
Caz(AsOy); 6,76-10°° 9,11-10° 3,62-10°3
Co3(AsO,), 7,6-1072° 2,34-10°° 1,06-10*
CrAsO, 7,810 7,8-1072 8,33-10 11 1,69:107°
Cuz(AsOa); 7,6:107% 7,6-10°3¢ 9,32-10°8 4,37-10°
FeAsQ, 5,8:1072 5,8-107% 7,61-1011 1,48:107°
Mgs(AsO,), 2,09-102° 4,54-10°° 1,59-10°3
Mn3(AsO,); 1,9-102° 1,9-10%° 7,07-10°7 3,13-10°
Ni3(AsOy)2 3,1-1072° 3,1-102° 3,10-10°° 1,41-104
Pb3(AsQy), 4,1-10736 4,1-10°% 3,28-10°8 2,95-10°
Sr3(AsQ,); 1,62-10°18 1,09-10* 5,87-10°3
Zn3(As0,); 1,07-10°¢ 1,07-10% 1,58:10° 7,50-10°*
arsenitlar
AQgs;AsO; 1,0-10Y7 1,22-10°Y 2,60-10°° 5,99-10*
bromidlar
AgBr 4,90-10°13 4,90-10°13 7,12-10°7 1,34-10°
CuBr 5,25-107° 5,25-107° 7,24-10°° 1,04-10°3
HgBr, 5,75-102 5,75-102 1,38-10°° 7,73-10°°
PbBr, 9,12-10° 2,76-10° 2,73-10°2 1,00
gidroksidlar
AgOH 1,60-10°8 1,63-10°8 1,61-10* 2,01-10°3
Al(OH)3 1,10-10°33 1,10-10°33 2,52-10°° 1,97-10°8
Bi(OH)3 4,27-10°3% 4,27-10°3 1,12-10°8 2,92-10°7
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6-jadvalning davomi

Ca(OH); 5,49-10°° 7,96-10°° 1,26-107 9,32:107
Cd(OH); passiv shakl 3,98-10°% 3,98-10°% 1,07-10° 1,57-10*
Ce(OH), 632102 | 632102 | 221-10° | 420-105
Co(OH); havorang 6,31-10%° 6,31-10%° 1,16-10°° 1,08-10*
Co(OH); 1,59-10% 1,59-10% 7,35-10°° 6,83-10°°
Co(OH); pushti, yangi 2,00-10°%6 2,00-107°16 3,68:10° 3,42-10°
Co(OH)3 pushti, eskirgan 1,00-10 % 1,00-10 % 7,80-1012 8,58-10 1
Cr(OH)s 6,31-10°% | 631-10% | 1,2410% | 1,27-10-
Fe(OH), 79410 | 7.9410% | 1,0510° | 945105
Fe(OH); 3,72:104° 3,72:1040 1,80-10°° 1,93-10°8
Hg2(OH), (Hg:0) 1,6010% | 1,60-10% | 159-10% | 6,92:10~
Hg(OH), (HgO) 3010% | 3010% | 1,9510% | 457-107
LiOH 4,0-107 6,25-1072 0,3425 0,8202

Mg(OH), barg. shakli 1,12.10 | 13110 | 149104 | 867-10
Mn(OH), 1,59-10% | 1,70-10® | 349105 | 31110
Ni(OH), 3,16-10°1¢ 3,16-10°16 4,40-10°° 4,08-10°
Ni(OH); eskirgan 6,3-10% 6,3-1018 1,17-10° 1,08:10°°
Pb(OH), <> Pb?* +20H" 1,0-107%° 1,0-107%° 1,36-10° 3,29-10°
Pb(OH), - PbOH*+OH- | 8,710 | 87-10% | 296107 | 7,13-10°
Pt(OH) 1,0-10°%° 1,0-10°% 1,23:10% 2,82-10¢
Pt(OH), (PtO,) 1,6:107 | 16107 | 14410% | 3,79-10%
Sb(OH); 3,99:10% 3,99:10% 2,0-10° 3,45-10*
Sn(OH), <> Sn?* +20H" 1,41-10% 1,41-10% 1,39-10” 2,12:10°°
Sn(OH),«»SNOH*+20H-| 4,6-10°% 46-101° 2,84-10° 4,34-10°
Sn(OH), 1,010 | 10105 | 131102 | 24510

yodatlar

AglO; 3,09-10°8 3,22:10°8 1,79-10* 5,07-10°3
Ba(103): 1,51-10°° 2,05-10°° 7,99-10* 3,89:107?
Ce(103); 3,16-1071° 1,15-107° 2,56-10°3 1,70-10
Pb(103), 263102 | 28310 | 414105 | 2,30-10°
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6-jadvalning davomi

yodidlar
Agl 9,98-10%7 9,98-1017 1,03-10°8 2,41-10°7
Cul 1,10-10°12 1,10-10°12 1,05-10°° 2,00-10°°
Hg.l, 4,47-1072° 4,47-10°2° 2,24-10710 1,46-10°8
Pbl, 8,71-10°° 8,71-10°® 1,51-10°3 6,96-102
karbonatlar
Ag,CO3 8,13-1012 9,49-10°2 1,33-10* 3,68-10°3
BaCOs; 5,13-10°° 5,93-10° 7,70-10°° 1,52:10°3
CaCOs 2,88-10° 3,26-10°° 5,71-10° 5,72:10*
CdCO; 5,25-1012 5,25-10°° 2,29-10°° 3,95-10°
CoCO4 1,45-10°13 1,45-10°13 3,80-10°7 3,94-10°°
CuCOs 2,34-10710 2,34-10710 1,37-10° 1,69-10*
FeCO; 2,09-10 11 2,09-10 11 4,57-10°° 5,30-10°°
Hg,COs3 8,91-10Y7 8,91-10°%7 2,81-10°° 1,30-10*
MgCOs-3H,0 1,00-10° 3,08-10° 5,55-10°3 7,68-1072
MnCO; 5,01-10°%0 5,11-10°10 2,26-10° 2,60-10
NiCOs 1,35-10°7 1,63-10° 4,03-10* 4,79-10°3
PbCO; 7,41-10 7,41-10° 2,72-10°7 7,27-10°°
SrCO; 1,10-10°%0 1,10-10°%0 1,05-10° 1,55-10*
ZnCO; 1,45-10°1 1,45-10°1 3,80-10° 4,77-10°
oksalatlar

Ag,C,0, 3,57-10°1 4,10-101 2,27-10* 6,89-103
BaC,0, 1,10-10°7 1,49-10°7 3,85-10* 8,68-1073
CaC,04 2,29-10° 2,60-107° 4,86-10° 6,22-10*
CdC,0, 1,59-10°8 1,96-10°8 1,40-10* 2,81-103
CoC,04 6,31-10°8 8,53-10°8 2,92-10* 4,29-10°3
CuC,04 3,16-10°® 4,10-10°8 2,02-10* 3,06-10°3
FeC,0, 2,00-10°7 3,05-10”7 5,52:10* 7,94-1073
Hg.C,04 1,00-10°13 1,00-10°13 3,16-10°7 1,55-10°°
MgC,04 7,94-10°° 1,47-10* 1,65-10°2 0,1852
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6-jadvalning davomi

MnC,04 2,00-10° 4,88-10°° 3,50-10°3 5,01-1072
NiC,0, 3,98-10°10 4,42-10710 2,11-10° 3,10-10*
PbC,0, 4,79-10°10 5,32-10710 2,31-10° 6,82-10*
SrC,04 5,63-10°8 7,61-10°8 2,41-10* 4,23-10°3
ZnC;,04 1,59-10°° 1,77-10°° 2,64-10°° 4,05-10*
sulfatlar
Ag>2S04 1,455-10°° 5,02:10°° 2,32-:1072 0,7244
BaSO, 1,05-10°10 1,05-1010 1,02-10° 2,39-10*
CaS0O, 9,12-10° 2,30-10°° 4,79-10°3 6,52-1072
HQ2SO4 6,76-10°7 1,11-10° 1,05-10°3 5,22:1072
PbSO, 1,59-10°% 1,96-10°% 1,40-10* 4,24-10°3
SrSO, 3,47-10°7 5,29-10°7 7,27-10% 1,34-1072
sulfidlar

AQ,S 6,31-10°° 6,31-10°° 2,51-107 6,22-10716
CdS 7,94-107% 7,94-107% 8,91-10 1,15-1072
CoS, 3,98-10% 3,98-10% 6,31-10 1% 5,74-10710
CoS; 2,00-10%° 2,00-10%° 4,47-10713 4,06-10712
CusS 6,31-10°3¢ 6,31-10°3¢ 2,51-10718 2,40-1077
Cu,S 2,51-10748 2,51-10748 8,56-10°7 1,36-10°°
FeS 5,13-10°18 5,13-1018 2,27-107° 1,99-10°8
HgS qora (1,59-:10°%%) | (1,59-10°%?)

Hgs qizil (3,98:10°%) | (3,98-10%)

MnS pushti 2,51-10710 2,51-10710 1,59-10° 1,38-10*
MnS yashil 2,51-10 13 2,51-10 13 5,01-10°7 4,36-10°°
NiS, 3,16-10°% 3,16-10°% 5,62-10°10 5,10-10°°
NiS; 1,00-10% 1,00-10% 1,00-1012 9,08-1012
NiS, 2,00-10% 2,00-10% 1,41-10°8 1,28-10°12
PbS 2,51-10% 2,51-10% 5,04-10°1 1,20-10%2
SnS 1,00-102° 1,00-10%° 3,16-10 1 4,77-10712
ZnS, 1,59-10% 1,59-10% 1,26-1012 1,23-10°1
ZnSg 2,51-102 2,51-10% 1,59-101 1,54-10°10
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sulfitlar

Ag,SO; 1,51-10%4 1,51-10 1,56-10°° 4,61-10%
BaSOs 7,94-10°7 1,31-10°° 1,14-10°3 2,48-1072
CaS0O; 1,29-10°8 1,59-10°8 1,26-10°* 1,51-10°3
Hg.SO3 1,00-10% 1,00-10% 3,16-10% 1,52-10712
MgSO; 3,16-10°3 1,88:10°2 0,14 1,43

SrSO; 3,98:10°8 5,14-1078 2,27-10* 3,81:10°°

fosfatlar

AgsPO, 1,29-107%° 1,29-10°2° 4,67-10°° 1,96-10*
AlIPO, 5,75-1071° 5,75-107% 6,61-:1071° 8,06-107°
BaHPO, 9,12:10°8 3,02:10* 7,05-10°3
Bas(PO.): 3,39-10% 1,26-10°° 7,57-10*
BiPO, 1,29-10% 1,29-10% 3,59-10712 1,09-10°%
CaHPO, 2,75-10°7 4,20-10°7 8,58-10* 1,17-10°2
Caz(POa);, 1,00-102¢ 2,47-10°° 7,67-10*
Cd3(POy)2 2,51-10°% 2,51-10°% 1,18:10°7 6,24-10°°
CoHPO, 2,00-10°7 7,03-10°7 6,73-10* 1,04-10°2
Co3(PO4)2 2,00-10°% 2,00-10°% 4,50-10°8 1,65-10°°
CrPOy yashil 2,40-10% 4,90-10%2 7,20-10
CrPO, binafsha 1,00-10°Y 3,16-10°° 4,65-10°8
Cus(PO4)2 1,26-10°% 1,26-10°% 1,63-10°8 6,22-10°7
FePO, 1,29-102? 1,29-102? 1,14-10 1,71-10°1°
MgNH,PO, 2,51-10°1 6,31-:10°° 8,66-10*
Ni3(PO,), 5,01-103% 5,01-1073 3,41-10° 1,25-10°°
PbHPO, 1,41-10°%0 1,19-10° 3,60-10*
Pb3(PO,), 7,94-10% 7,94-10% 1,49-10°° 1,21-10°7
SrHPO, 5,75-10°7 7,59-10* 1,39-10°2
Sr3(PO.,). 4,07-10% 1,30-10° 2,82-10°
Zn3(POy); 9,12-10°3 9,12-10°3 1,53-10°7 5,92-10°°
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ftoridlar
BaF, 1,05-10°% 2,43-10°° 8,47-1073 1,48-10
CaF; 3,98-101 4,70-101 2,27-10* 1,78-10°3
SrF; 2,46-10° 3,37-10°° 9,44-10* 1,19-10°2
xloridlar
AgClI 1,78-10710 1,78-10710 1,35-10° 1,93-10*
Hg,Cl, 1,32-10°18 1,32-10°18 6,91-10°7 3,25-10°
PbCl, 1,74-10°° 6,02-10°° 4,13-107 1,15
xromatlar
Ag,CrOy 1,29-1072 1,44-1072 7,12-10°° 2,36-103
BaCrO, 1,18-1071° 1,18-1071° 1,08-10° 2,75-10*
CaCrO, 7,10-10* 3,67-10°° 6,06-1072 9,45-101
Hg,CrO4 5,00-10°° 1,13-10°8 1,06-10* 5,50-10°3
PbCrO, 1,18-10 1,18-10 1,33-10°7 4,31-10°
SrCrO, 2,24-10° 4,73-10°3 9,63-102
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7-jadval
VODOROD ELEKTRODGA NISBATAN SUVLI ERITMALARDAGI
STANDART OKSIDLANISH-QAYTARILISH POTENSIALLARI (E°)
(jadvaldagi potensiallar qiymatlari p = 0 va t = 25°C uchun keltirilgan)

Element Yarim reaksiyalar tenglamalari E°, V
Ag’ +e - Agq +0,799
Ag? +e « Ag* +1,998
AgO* +2H* + e & Ag?* + H,0O +2,016
2Ag0() +2H" + 2e & Ag,0 + H,0 +1,41
2Ag0(g +H20 + 2e — Ag,0 + OH" +0,599
Ag:0( + 2H" + 2e « 2Ag(g + H20 +1,173
Ag AQ:0() + H2O + 2e & 2Ag() + 20H- +0,342
AQ2CrOyq) + 26 <> 2Ag(q + CrO4* +0,447
AQ2S + 2H" + 2e & 2Ag(g) + H2S(g) —0,036
Ag2S(g) + 28 > Ag(g) + s> 0,712
AgClg+ e « 2Agg + ClI +0,222
AgBrg+ e« Agq + Br +0,071
Aglg te— Agg + I —0,152
APt + 3e « Al ~1,66
APt +2e — Al 2,76
Al Al + e — Algyq —0,55
AlO; + 4H* + 3e « Al(g + 2H,0 -1,262
AI(OH)3¢ + 3e <« Al + 30H" -2,31
[AlFg]* + 3e < Al + 6F 2,07
H3AsO, + 3H* + 2e «» AsO* + 3H,0 +0,55
H3AsO, + 2H* + 2e <> HASO, + 2H,0 +0,559
H,AsO, + 3H* + 2e « HAsO, + 2H,0 +0,666
HAsO,%> + 4H" + 2e <> HAsSO, + 2H,0 +0,881
HAsO,> + 3H" + 2e <> AsO, + 2H,0 +0,609
As AsOz* + 2H,0 + 2e > AsO, + 40H" -0,67
2H3As04 + 4H" + 4e > Asy03(g) + 5H,0 +0,58
2H,AsO4 + 6H* + 4e « As;03¢ + 5H,0 +0,687
2HASO,> + 8H* + 4e <> As;03¢) + 5H20 +0,901
2AsO.% +10H* + 4e > As,03() + 5H,0 +1,27
AsO4> + 8H* + 5e <> As(g) + 4H,0 +0,648
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As;03(g) + 6H* + 6e < 2As() + 3H,0 +0,234
AsO™ + 2H" + 3e <> As(g + H,0 +0,254
As HASO, + 3H" + 3e < As(g + 2H,0 +0,248
AsO; +4H" + 3e & As + 2H,0 +0,429
AsO; + 2H,0 + 3e <> Asq) + 40H" —0,68
AS(q) +3H"+ 3e & ASH3(g) —0,608
Au® + 2e « Au* +1,41
AUt + 3e > Aug +1,50
Au* +e - Aug +1,68
AuCly + 2e < AuCl; + 2CI +0,926
Au AuBrs + 2e < AuBr; + 2Br +0,805
AuCly + 3e & Aug + 4CI +1,002
AuBrs + 3e < Aug + 4Br +0,858
AuCl, +e < AU(q) + 2CI- +1,154
AuBr; +e < Aug + 2Br- +0,963
HsBO; + 3H" + 3e « B + 3H,0 -0,869
H,BO;3; + 4H" + 3e < B + 3H,0 —0,687
HBO3s* + 5H" + 3e <> B(g + 3H,0 —0,437
B BOs* + 6H" + 3e <> B(g + 3H.0 —0,165
B(OH);3 + 3H* + 3e <> B(g + 3H,0 -0,87
[BF.] + 3¢ <> B + 4F ~1,04
H,B,O7 + 12H* + 12e <> 4B + 7H,0 —0,836
B4O7* + 14H* + 12e «» 4B + 7H,0 —0,792
84 Ba?* + 2e < Bay —2,905
BaO +2H* + 2e « Ba( + H,0O —2,166
Be Be?* + 2e «> Be(g) -1,85
Be,0s* + 3H,0 + 4e <> 2Be(g + 60H" —2,62
Bi** + 3e < Bi(g +0,215
BiOH* + H* + 3e < Bi( + H.0 +0,254
BiO™ +2H" + 3e < Bi(g) + H20 +0,320
Bi BiOCly) + 2H" + 3e < Bi) + H,O + CI- +0,160
Bi,O3(g) + 3H20 + 6€ < 2Bi(g) + 60H" —0,46
Bi,Os( + 10H* + 4e « 2Bi3* + 5H,0 +1,759
Bi,Os(q) + 8H* + 4e «» 2BiOH*" + 3H,0 +1,700
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Bi,Os(q) + 6H* + 4e > 2BiO* + 3H,0 +1,605
Bi NaBiOsq) + 4H™ + 2e «» BiO* + Na* + H,0 >+1,8
Bi(g + 3H* + 3e < BiHj( —0,800
Bras) + 2e <> 2Br- +1,09
[Brs] + 2e « 3Br- +1,05
HBrO; + 5H* + 6e «» Br + 3H,0 +1,42
3HBrO; + 15H" + 16e « [Br3]” + 9H,0 +1,462
BrOs; + 3H,0 + 6e <> Br + 60H" +0,61
Br 2HBrO3 + 10H™ + 10e < Bry) + 6H,0 +1,48
HBrO; + 4H* + 4e « HBrO + 2H,0 +1,46
HBrO; + 3H" + 4e «> BrO~ + 2H,0 +1,33
2HBrO + 2H" + 2e <> Bryg) + 2H,0 +1,59
2BrO- + 4H" + 2e <> Bry) + 2H,0 +2,09
2BrO- + 2H,0 + 2e <> Bryg + 40H- +0,45
BrO + H,O + 2e «— Br + 20H" +0,76
COz(g) +2H" + 2e & COz(g) + H,0 -0,12
2C0y + 2H* + 2e <> H2C204 0,49
c COqg + 2H* + 2e «» HCOOH 0,20
CNO + 2H,0 + 2e «» CN™ + 20H" 0,97
2HCNO + 2H* + 2e > 2H,0 + (CN)zg +0,33
(CN)yq + 2H* + 2e > 2HCN +0,37
Ca?* + 2e «> Ca() -2,87
ca CaOyigr + 2H" + 2e <> Cagg + H.0 2,19
CaO + 2H* + 2e — Cag +H,0 ~1,90
Ca(OH)y(q + 2e <> Cagg + 20H" 3,03
Cd?* + 2e <> Cdyg -0,40
Cd(CN)s* + 2e <> Cd(q) + 4CN- -1,09
Cd [CA(NH3)4]** + 2e <> Cd g + 4NH3 -0,61
Cd(OH),(q) +2e <> Cd(g) + 20H" -0,81
CdS(q) +2¢e & Cd(q) + 5% -1,17
Ce** +3e « Ce 2,48
[Ce(OH),J?" + 2H" +e « Ce*" + 2H,0 +1,73
ce [Ce(OH)J" + H' + e «» Ce% + H,0 1,71
[Ce(ClO4)e]> + & < Ce* + 6CIO,4 +1,70
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e [Ce(NO3)s]> + e <> Ce3* + 6NO3- +1,60
[Ce(SO4)s]> + e < Ce® + 350,* +1,44
Clyg + 2 <> 2Cl- +1,35
CIZ(aqua) + 2e < 2CI- +1,39
ClOs + 2H* + 2e « CIO3 + H,0 +1,19
ClOs + H,0 + 2e «+ ClO3 + 20H +0,36
o 2C10; +16H* +14e <> Clyg + 8H,0 +1,39
ClO; + 3H" + 2e «+» HCIO;, + H,0 +1,21
ClO; + H,0 + 2e «+» ClO; + 20H +0,33
ClO; + H,0 + 2e «+» CIO + 20H- +0,66
2HCIO + 2H* + 2¢ «> Clyg + H,0 +1,63
2CIO™ + 2H,0 + 2e <> ClOy + 40H" +0,40
Co* + e «> Co?* +1,81
Co** + 3e «> Coy +0,46
Co?* + 2e «> Coy -0,28
o C0304() + 8H" + 2e «» 3Co?* + 4H,0 +2,11
C0,03(q + 6H" + 26 > 2C0?* + 3H,0 +1,75
Co(OH)yq + 26 <> Cogg + 20H" 0,73
[CO(NH2)s]** + & <> [Co(NHa)]** +0,1
CoO(OH)  + H20 + e «» Co(OH) ) + OH- +0,17
Cr¥*+e« Cr# 0,41
Cr3* + 3e « Crq -0,74
Cr?* + 2e « Crq -0,91
Cr,0;% + 14H" + 6e < 2Cr®* + 7TH,0O +1,33
Cr,0;% + 12H" + 6e < 2Cr?* + 5H,0 +1,26
Cr,072 + 10H* + 6e <> 2[Cr(OH),]* + 3H.,0 +1,14
Cr Cr,07% + 14H* + 12e <> 2Cr( + 7H,0 +0,29
HCrO4 + 7H* + 3e < Cr¥* + 4H,0 +1,20
CrO2 + 4H,0 + 3e <> Cr(OH)s(q + 50H- 0,13
HCrO, + 6H* + 3e <> [CrOH]?* + 3H,0 +1,28
CrO2 + 7H* + 3e <> [CrOH]?* + 3H,0 +1,40
CrO2 + 6H* + 3¢ <> Cr(OH), + 2H,0 +1,28
CrO,* + 4H" + 3e < CrO; + 2H,0 +0,95
CrO4> + 2H* + 3e «» CrOz* + H,0 +0,36
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Cu?* +e« Cu' +0,16
Cu?* + 2e « Cu() +0,34
Cu" + e « Cu +0,52
HCuO; + 3H" + e & Cu* + 2H,0 +1,73
CuO,*> + 4H* + e < Cu* + 2H,0 +2,51
HCuO, + 3H* + 2e < Cug + 2H,0 +1,13
CuO,2 + 4H" + 2e & Cug + 2H,0 +1,52
2Cu?* + Hy0 + 2e <> CuO(g + 2H* +0,20
Cu 2HCUO; + 4H* + 26 <> Cu,0(q + 3H,0 +1,78
2CUO,% + 6H* + 2e <> CU,0(q + 3H,0 +2,56
CuO +2H" +e - Cu* + H,0O +0,62
Cu? +Br +e <> CuBr +0,64
Cu? +CI- + e < CuCl +0,54
Cu® + |- + e < Cul( +0,86
[CU(NH3)a]?* + & <> [Cu(NH3),]* + 2NH; 0,01
[Cu(NH3),]" + e & Cu(g + 2NHs -0,12
[Cu(NHs)s]*" + 2e <> Cug + 4NHs 0,07
Fa + 2H* +2e < 2HF +2,81
Fag) + 26 <> 2F +2,87
F F20 + 2H* + 4e — 2HF + H,0 +2,12
F,0 + 2H* + 4e < 2F + H,0 +2,15
F20 + 2H* + 2e > Fyq + H,0 +1,44
Fe** +e o Fe?* +0,77
Fe3* + 3e & Fe( -0,04
Fe?* + 2e « Fe( -0,44
Fe(OH)?* + H* + e «> Fe?* + H,O +0,91
Fe(OH)," + 2H" + e «> Fe?* + 2H,0 +1,19
Fe FeO4,> + 8H" + 3e «» Fe3* + 4H,0 +1,70
FeO4% + 7TH* + 3e <> Fe(OH)?* + 3H,0 +1,65
FeO4% + 3H* + 3e <> Fe(OH)," + 2H,0 +1,56
FeO,* + 5H" + 3e & HFeO, + 2H,0 +1,00
HFeO, + 3H* + 2e « Feg + 2H,0 +0,49
[Fe(CNe)]* + e < [Fe(CNe)]* +0,36
Fe(C12HgN2)3% + e «» Fe(CiaHgN2)3?* +1,06
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2H* + 2¢ <> Ha +0,0000
2H* (107 M) + 2e & Ha 0,41
Hz(g) + 2e « 2H" -2,25
H 2H,0 + 2e — Hz(g) + 20H -0,83
H,O, + 2H" + 2e « 2H,0 +1,77
HO,; + H,0 + 2e <> 30H" +0,88
2HQ?" + 2e > Hgy?" +0,91
Hg.?* + 2e <> 2Hg) +0,79
HgO(q) + H20 + 2e > Hg) + 20H" +0,10
HgO() + 2H™ + 2e «> Hg,) + H.0 +0,93
2HG(OH)aq + 4H* + 2¢ <> Hgz2* + 4H,0 +1,28
Hg HQ.Clyq) + 2e <> 2Hg) + 2CI1- +0,27
Hg2Bryq) + 28 <> 2HQ() + 2Br- +0,14
Hg2lo@q) + 28 <& 2Hg(s) + 21 -0,04
Hg2C20uq + 26 <> 2Hg + 2C;04% +0,42
HgS(q,,qora) + 2e & Hg(s) + S% -0,67
HgS(q,,qizn) +2e & Hg(s) + S% -0,70
[Hg(CN).J? + 26 <> Hgg + 4CN- 0,37
[1s] + 2e < 31 0,536
laaquay + 26 < 21 +0,621
31, + 2¢ o 2[l3] +0,789
HslOg + H™ + 2e < 105~ + 3H,0 +1,6
HIOs? + 3H" + 2e <> 103 + 2H,0 +1,898
HIOs? + 8H* + 6e <> HIO + 4H,0 +1,389
2HIOs> + 18H* + 14e <> lyq + 10H,0 +1,384
| 3HIOs> + 27H* + 22¢ < [Is] + 15H,0 +1,357
HIOs* + 9H* + 8e — I + 5H,0 +1,288
HIO, + 2H" + 2e «— HIO; + H,0 +1,626
10 + 2H" + 28 < 105 + H,0 +1,653
HIO, + 6H* + 6e <> HIO + 3H,0 +1,290
|04 + 7TH" + 6e « HIO + 3H,0 +1,235
2HIO, + 14H* + 14e <> Iy + 8H,0 +1,300
3HIO4 + 21H" + 22e « [l5] + 12H,0 +1,276
HIO4 + 7TH" + 8e < I + 4H,0 +1,215
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|0 + 6H" + 4e — I" + 3H,0 +1,155
103~ +4H* + 4e & 1O + 2H,0 +0,972
2HIO; + 10H* + 10e < I, + 6H,0 +1,169
3HIO;3 + 15H" + 16e « [lIs] + 9H,0 +1,145
HIO; + 5H* + 6e < |- + 3H,0 +1,0777
2HIO + 2H" + 2e < Iy + 2H,0 +1,354
210" + 4H" + 2e < Iy + 2H,0 +2,005
I 3HIO + 3H* + 4e < [l3] + 3H,0 +1,213
310 + 6H" + 4e « [l3] + 3H,0 +1,701
IO +2H" +2e & I+ H,0 +1,313
HIO+H"+2e & I+ H,0O +0,987
2|C|3(q) + 6e — |2(q) + 6CI~ +1,28
|C|(q) + 2 |2(q) + 2CI- +1,22
ICl + 2e — |2(q) + 2CI +1,19
2IBr(S) + 2 & |2(q) + 2Br- +1,02
K K'+e e K(q) -2,925
Li Li* + e < Li -3,03
Mg? + 2e < Mg -2,37
Mg Mg(OH) () + 2e <> Mg(q) + 20H" -2,69
MgO() + 2H" + 2e > Mg(q + H20 -1,869
MgOq. suvsiz) + 2H" + 2e <> Mg(q) + H20 1,722
Mn?* + 2e <> Mn -1,18
Mn"V + e « Mn"' (3,5M H,S0,) +1,65
Mn"" + & < Mn"'(3,5M H,SO,) +1,59
MnOs + e <> MnOs* +0,576
MnO4 + 2H,0 + 3e & MnOy + 40H" +0,588
MnO,; + 4H" + 3e <> MnOy(, g + 2H,0 +1,695
Mn MnO,s + 4H" + 3e <> MOy, g + 2H0 +1,679
MnO4 + 8H" + 4e «» Mn®*" + 4H,0 +1,506
MnO, + 8H" + 5e «> Mn?* + 4H,0 +1,507
MnO,2 + 4H* + 2e <> MnOy + 2H,0 +2,257
MnO4> + 5H* + 4e «> HMnO, + 2H,0 +1,234
MnO.2 + 2H,0 + 2e <> MnOyq + 40H" +0,51
MnO;) + 2H,0 + 2e <> Mn(OH), + 20H" —0,05
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MnOxg + 4H* + 2e — Mn?* + 2H,0 +1,23
MnOy + 4H* + 2e <> Mn®" + 2H,0 +0,948
Mn Mn(OH);3(q) + & <> Mn(OH)yq) + OH" +0,1
Mn# + 2e < Mn -1,18
Mn(OH)z(q + 2e < Mng + 20H" 1,55
HMNO, + 3H* + 2e > Mng + 2H,0 0,163
NOs~ + 2H* + e <> NOgg) + H20 +0,775
2NO3 + 4H" + 2e <> N3Oy + 2H,0 +0,80
NO; + 3H" + 2e & HNO; + H,0 +0,94
NOs + 2H" + 2e < NO; + H;0 +0,835
NO; + 4H" + 3e <& NO; + 2H,0 +0,96
NOy(g + € <> NO,- +0,893
NOg + H* + & <> HNO, +1,093
NOg(g) +2H" + 2e & NO(g) + H,0 +1,049
2Ny + 6H* + 6e <> N,O(g + 3H,0 +1,229
2NOy(g) + 8H* +8e > Nag) + 4H,0 +1,363
N NO, + 2H* + e «» NO + H,0 +1,202
HNO, + H* + e «» NO) + H,0 +1,004
2NO; + 6H* + 4e > N0 + 3H,0 +1,396
2HNO; + 4H* + 4e > N,O( + 3H20 +1,297
2NO, + 8H* + 6e > Ny + 4H,0 +1,520
2HNO; + 6H* + 6 > N + 4H,0 +1,454
NO,~ + 7H* + 6 <> NHs(g + 2H,0 +0,789
HNO; + 7TH* + 6e <« NH," + 2H,0 +0,864
Nag + 6H* + 6e > 2NHs +0,057
N2 + 2H,0 + 6H* + 6e <> 2NH-H,0 +0,92
Ny + 8H* + 6e <> 2NH,* +0,275
Na Na* +e <> Na) -2,713
Ni%* +2e « Ni(q) -0,250
NiOgq) + 4H* + 2e «> Ni** + 2H,0 +1,593
i NiOy(q) + 2H,0 +2e <> Ni(OH)y) + 20H- +0,49
Ni,Os) + 6H* + 2e <> 2Ni2* + 3H,0 +1,753
NisOu(q) + 2H20 +2e <> 3HNIO, + H* 0,718
NizOsq) + 8H" + 2e <> 3Ni** + 4H,0 +1,977
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Ni HNiO,; + 3H" + 2e & Nig + 2H,0 +0,648
[Ni(NH;)s]** + 2e <> Ni) + 6NH; -0,49
Oy + 4H" + 4e — 2H,0 +1,229
Oy + 2H;0 + 4e < 40H +0,401
O3 + 2H" + 2e <> Oy + H0 +2,076

@) O3 + 6H" + 6e <> 3H,0 +1,501
O3(g) + H20 +3e < Oy + 20H" +1,24
Oz(g) + 2H* + 2e « H,0, +0,69
H,O; + 2H" + 2e < 2H,0 +1,776
Pgizity + 3H" + 3e <> PH3( -0,111
P(oq) +3H"+ 3e & PHg(g) -0,063
POs* + 3H* + 2e <> HPO3* + H,0 +0,121
HPO4* + 2H* + 2e <> HPOs?* + H,0O -0,234
H,PO4 + H* + 28 «» HPO3* + H,0 -0,447
H,PO, + 2H" + 2e « H,PO5; + H,0 0,260
HsPO, + H' + 2e «> H,PO3 + H,0 -0,329
H3PO4 + 2H™ + 2e <> H3PO3 + H,0 -0,276
POs* + 8H" + 5e < Pz + 4H,0 -0,128
PO4* + 8H" + 5e <> P(oq) + 4H,0 -0,156
HPO4* + 7H* + 5e <> P(giziy + 4H20 -0,288
HPO4> + 7H* + 5e <> P(oq) + 4H,0 -0,316

P H,PO4 + 6H" + 5e <> P(gizily + 4H,0 -0,358
H,PO4 + 6H" + 5e <> P(oq) + 4H20 -0,386
H3PO,4 + 5H + 5e < Pqiziy + 4H20 -0,383
H3PO,4 + 5H* + 5e «» P(oq) + 4H,0 -0,411
H3PO3; + 2H" + 2e > H3PO, + H,0 -0,499
HPOz? + 5H* + 3e <> Pgiziy + 3H20 -0,298
HPO3z? + 5H* + 3e <> Poq) + 3H20 —-0,346
H,PO; + 4H* + 3e — P(qizn) + 3H,0 -0,419
H,PO3™ + 4H" + 3e <> P(oq) + 3H20 0,467
H3PO3 + 3H™ + 3e <> Pgiziy + 3H20 -0,454
H3PO3 + 3H" + 3e «» P(oq) + 3H0 -0,502
H4P,06 + 2H' + 2e «» 2H3PO3 +0,38
2H3PO,4 + 2H" + 2e «> H4P,06 + 2H,0 -0,94
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7-jadvalning davomi

Pb2* + 2e < Pby, -0,126
Pb* + 2e <> Pb?* +1,694
PbOyq) + 4H* + 2 < Pb?* + 2H,0 +1,455
PbOyq) +4H* + SO,% + 2e <> PbSOy(q + 2H,0 +1,685
PbOy + H* + 2e <> HPbO, +0,621
3PbOs% + 10H* + 4e <> HPb3Oy(q + 5H,0 +2,515
PbOs?> + 4H* + 2e <> PhOq + 2H,0 +2,001
ob PbO3z% + 3H" + e «» HPbO, + H,0 +1,547
PbO3z% + 6H" + 2e <> Pb?* + 3H,0 +2,375
PbsOsq + H20 + 2e <> 2PbO(g + 20H" +0,249
PbsOs + 8H* + 2e > 3Pb?* + 3H,0 +2,094
PbsOsq + 2H20 + 2e <> 3HPbO, + H* +0,390
PbO( + 2H* + 2e < Pbg + H,0 +0,249
PbSO4(q) +2e & Pb(q) + 8042* -0,335
HPbSO, + 3H* + 2e < Pbg + 2H,0 +0,702
Pb + 2H* + 2e <> PbH, ~1,507
Pt?* + 2e «— Pt(q) +1,2
Pt PtOy + 2H" + 2e <> Pt(OH)y(q) +1,1
Pt(OH)z(q + 2 <> Pt + 20H" +0,15
Pt(OH)q) + 2H* + 2e < Pt + 2H,0 +0,98
SO4% + 4H" + 2e <> HS03 + H,0 +0,17
S04 + 4H,0 + 2e <> SO3* + 20H- -0,93
SO4% + 8H* + 6e > S + 4H,0 +0,357
HSO,4 + 7TH* + 6e < Sy + 4H,0 +0,339
SO4* + 8H* + 8e «> S + 4H,0 +0,149
SO4% + 9H" + 8e <> HS™ + 4H,0 +0,252
S SO4> + 10H* + 8e «> H,S(g) + 4H,0 +0,303
HSO4 + 9H* + 8e <> HzSg) + 4H,0 +0,289
S,0g% + 2e <> 250,4% +2,010
S,0g% + 2H" + 2e < 2HSO4~ +2,123
S406% + 2e > 25,04% +0,219
S406% + 12H* + 10e > 4S + 6H,0 +0,416
S,06% + 2e <> 2505* +0,026
SOz(g) +4H" + 4e & S(q) + 2H,0 +0,451
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7-jadvalning davomi

H2SO; + 4H* + 4e > S + 3H20 +0,449
25032 + 6H" + 4e <> S,03% + 3H,0 +0,705
2HSO5; + 4H* + 4e « S,03% + 3H,0 +0,491
4HSO3 + 8H* + 6e <> S,0¢% + 6H,0 +0,581
SOs% + 6H* + 6e <> S + 3H,0 +0,231
S + 28 > S —0,476
S S + H* +2e & HS" —0,065
S(q) +2H "+ 2e HzS(g) +0,142
S, + 2H" + 2e <> 2HS™ +0,298
S, + 2e > 25* -0,524
S3% + 3H* + 4e & 3HS +0,097
S + 4H" + 6e — 4HS +0,033
S5 + 5H* + 8e <> 5HS™ +0,003
ShY + 2e «» Sh'"' (6M HCI) +0,818
ShY + 2e <> Sh'"'(3,5M HCI) +0,746
Sb,Os(q) + 6H" + 4e <> 2SbO* +0,581
SbO* + 2H* + 3e > Shyg + H20 +0,212
SbO3 + 2H" + 2e « SbO, + H,0 +0,353
SbO3 + 3H" + 2e «> HSbO, + H,0 +0,678
Sh SbOs; + 4H" + 2e < SbO* + 2H,0 +0,704
SbO,* + 2H* + 2e «> SbO + H,0 +0,720
2503~ + 6H* + 4e > Sh,03) + 3H20 +0,772
SbO, + 4H* + 3e «> Sbyg + 2H0 +0,446
HSbO, + 3H* + 3e «> Sb(g + 2H20 +0,230
Sb,0s(q) + 4H* + 4e <> Sb,0s) + 2H20 +0,692
Sh,03(q) + 6H* + 6e <> 2Sh(g) + 3H20 +0,152
Sh(g + 3H" + 3e <> SbHs() —0,510
SiOy + 4H* + 4e > Si(g + 2H,0 0,86
SiOs% + 6H* + 4e < Si() + 3H,0 ~0,455
HSiO;™ + 5H" + 4e < Sig) + 3H,0 —0,632
Si H2SiOs + 4H* + 4e < Si(g + 3H,0 -0,780
SiOyg + 8H' + 8e <> SiHag + 2H,0 0,377
Si0s% + 10H* + 8e > SiHy(g + 3H20 0,176
HSiOs + 9H* + 8e <> SiHag + 3H,0 0,265
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7-jadvalning davomi

H,SiO3 + 8H* + 8e «> SiHyg + 3H,0 -0,339
Si Si(q) +4H" + 4e SiH4(g) +0,102
SiFez_ +4e & Si(q) + 6F -1,2
Sn'V + 2e « Sn"! +0,154
Sn'v + 4e < Sng +0,01
Sn'' + 2e < Sn(y -0,136
Sn Sn03* + 3H* + 2e <> HSNO, + H,0 +0,374
SnOs* + 6H* + 2e <> Sn?* + 3H,0 +0,844
HSnO; + 3H* + 2e «> Sn() + 2H,0 +0,33
Sn(q) +4H" + 4e SnH4(g) -1,074
Sr Sr2* + 2e < Sr(g) -2,89
Zn*" + 2e < Zng -0,763
Zn0,% + 4H* + 2e <> Zn() + 2H,0 +0,441
HZnO, + 3H" + 2e « Zn() + 2H,0 —0,054
n Zn0Oz* + 2H,0 + 2e > Zn(g) + 40H" -1,216
Zn(OH)yq) + 28 < Zn + 20H" 1,245
ZnS(q) + 2e & Zn(q) + 5% -1,40
[Zn(NH3)4])?* + 2 <> Zn(g) + 4NH3 -1,04
[ZN(CN)4]** + 2€ <> Zn(g + 4CN- -1,26
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TITRIMETRIK ANALIZ NATIJALARINI HISOBLASH

10-jadval

: . Ekvivalentlik Ekvivalent
Aniglanadigan modda faktori molyar massa,
g/mol
1. Kislota-asosli titrlash

Ba(OH), 1/2 85,67

Ba(OH),-8H,0 1/2 157,73
HCOOH (chumoli) 1 46,026
CH3COOH (sirka) 1 60,052
H>C4H404 (qahrabo) 1/2 59,045
H2C4H4O¢ (Vino) 1/2 75,044
H,C,0, (oksalat) 1/2 45,018
H.C,0,4-2H,0 1/2 63,033
HCI 1 36,461
HNO; 1 63,0128
H.SO, 1/2 49,037
K.COg3 (fenolftalein bilan) 1 138,206
K2COj3 (metiloranj bilan) 1/2 69,103
KHCO; 1 100,115
KOH 1 56,1056
NH; 1 17,0304
NazB407' IOHZO 1/2 190,68
Na,COj3 (fenolftalein bilan) 1 105,989
Na,COs; (metiloranj bilan) 1/2 52,9942
Na,COs3-10H,0 1/2 143,070
NaHCO; 1 84,007
NaOH 1 39,9971

2. Oksidlanish-gaytarilish usullari

As,03 1/4 49,4604
BaS,0;-H,0 1 267,48
CE(NH4)4(SO4)4'2H20 1 632,53
Ce(S04)2-4H,0 1 404,30
Fe (Fe** F Fe?") 1 55,847
FG(NH4)2(SO4)2'6H20 1 392,13
FeSO, 1 151,90
FeSO,-7H,0 1 278,01
H,C,0, (oksalat) 1/2 45,018
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10-jadvalning davomi

H2C,04-2H,0 1/2 63,033
H.0, 1/2 17,0073
H.,S (yodometrik) 1/2 17,04
P 1/2 126,9045
ICI 1/2 81,1785
KBrO; 1/6 27,833
KCIOs 1/6 20,425
K2CrO4 1/3 64,730
K2Cr,0y 1/6 49,031
KsFe(CN)e 1 329,25
KaFe(CN)g 1 368,35
K4Fe(CN)s-3H,0 1 422,40
KIOs 1/6 35,6668
KMnQO, 1/5 31,6068
KNO, 1/2 42,552
NaAsO; 1/2 69,955
Na;HAsSO; 1/2 84,954
N&2C204 1/2 67,000
NaNO, 1/2 34,4977
NaS (S — S9) 1/2 39,02
Na,SO3 1/2 63,02
N&zSzOg 1 158,10
N&28203'5H20 1 248,18
Askorbin kislota 1/2 88,063
Rezorsin (bromatometrik) 1/6 18,35
Streptotsid (bromatometrik) 1/4 43,05
Streptotsid (nitritometrik) 1 172,21
Sulfamin kislota 1 97,09
Sulfanil kislota 1 209,24
Fenol (bromatometrik) 1/6 15,69
3. Cho’ktirish va kompleksimetriya usullari
AgNO; 1 169,873
HBr 1 80,912
HCN (Mor, Folgard, Fayans bo’yicha) 1 27,026
HCI 1 36,461
HI 1 127,9124
HNCS (Folgard bo’yicha) 1 59,09
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10-jadvalning davomi

Hg(NOs),-H,0 1/2 171,31
ng(NO:J,)szO 1/2 280,61
KBr 1 119,002
KCN (Mor, Folgard, Fayans bo’yicha) 1 65,116
KCI 1 74,551
K>CrQ4 1 97,095
KNCS 1 97,18
Kl 1 166,0027
NH.CI 1 53,491
NH4NCS 1 76,12
NaBr 1 102,894
NaCl 1 58,443
Nal 1 149,8942
4. EDTA bilan titrlash usullari
BaCl, 1 208,24
Ba(NO3);, 1 261,34
Bi(NOs); 1 394,995
BiONO3-H,0 1 305,000
CaCOs 1 100,09
CaCl, 1 110,99
CaCl,-6H,0 1 219,08
Ca(NOs); 1 164,09
CaO 1 56,08
CuSOq 1 159,60
Hg(NO3), 1 324,60
MgCl; 1 95,211
Mg(NOs), 1 148,314
MgSO, 1 120,36
NaszcloleogNz (EDTA) 1 336,209
Naz2H>C10H1208N2-2H20 (EDTA-digidrat) 1 372,239
Zn 1 65,38
ZnCl; 1 136,29
Zn(NO3), 1 189,39
Zn(NOs3),-6H,0 1 297,48
Zn0O 1 81,38
ZnS0O, 1 161,44
ZnS0O,4-7H,0 1 287,54
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11-jadval

KISLOTA-ASOSLI INDIKATORLARNING XARAKTERISTIKALARI

Indikatorning nomi

Suvli eritmalarda
rang o’zgarishining

Rangining o’zgarishi

pH oraliglari
Metil binafsha (1-o0’tish) 0,13-0,5 sarig — yashil
Metil yashili 0,1-2,0 sarig — yashil
Metil binafsha (2-o0’tish) 1,0-15 yashil — ko’k
Timol ko’ki (1-0’tish) 12-28 qizil — sariq
Tropeolin 00 14-3.2 qizil — sariq
Metil binafsha (3-o’tish) 2,0-3,0 ko’k — binafsha
B-Dinitrofenol 2,4—-4,0 rangsiz — sariq
a-Dinitrofenol 2,8—-44 rangsiz — sariq
Metiloranj 3,0-44 qgizil — sariq
Bromfenol ko’ki 3,0-4,6 sarig — ko’k
Kongo qizili 3,0-52 ko’kimti;i-fillnafsha B
Alizarin gizil S (1-o0’tish) 3,7-5,2 sarig — binafsha
y-Dinitrofenol 40-54 rangsiz — sariq
Metil qgizil 4,4-6,2 qgizil — sariq
p-Nitrofenol 56-7,6 rangsiz — sariq
Bromtimol ko’ki 6,0-7,6 sarig — ko’k
Neytral gizil 6,8 -8,0 qgizil — sariq
Tropeolin 000 7,6-9,0 jlga[(:?g?](q-iszlei:lq -
Timol ko’ki (2-0’tish) 8,0-9,6 sariq — ko’k
Fenolftalein 8,2—-10,0 rangsiz — qizil
Timolftalein 9,4-10,5 rangsiz — ko’k
Tropeolin O 11,0-13,0 sariq — zarg’aldoq
Indigokarmin 11,6 - 14,0 ko’k — sariq
1,3,5-Trinitrobenzol 12,2 -14,0 rangsiz — zarg’aldoq
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12-jadval

ADSORBSION INDIKATORLARNING XARAKTERISTIKALARI

Aniglanadigan

Indikatorning nomi ion Titrant Rangining o’zgarishi
Alizarin gizil [Fe(CNg)]* Pb2* : o
(alizarinsulfokislota) SCN- Ag* sariq — pushti-qizil

TI* I~ sarig — yashil
) Hg? Cl- och-binafsha — sariq
Bromienol ko ki | SCN- Ag* binafsha — ko kimtir-
(tetrabromfenolsulfoftalein) T . )
I-, Cl Ag yashil
Br- Hg,?
CN- Ag* sarg’ish-yashil —
Difenilkarbazid ko’kimtir-ko’k
Cl-, Br- Hg,? rangsiz — binafsha
Cl, I, CN- Hg.?* . :
o cl ﬁ& qizil — binafsha
Difenilkarbazon B I Ag* sariq — yashil
SCN- Ag* pushti — ko’k
2,7-Dixlorfluoressein Cl, Br, I Ag* sarg’ish-yashil —
pushti-qizil
Rodamin 6J
(dietilamino-o-karboksife- N il
nil-ksantenilxloridning etil Br- Ag sarg’ish-qizil - binafsha
efiri)
Kongo qgizili
(difenil-bis-(1-amino)-2- Cl, Br, I Ag* gizil —ko’k
naftilazo-4-sulfokislota)
Fluoressein Cl, Br, I, N ,. . .
(rezorsinftalein) SCN- Ag sarg’ish-yashil — pushti
Eozin _ N zarg’aldoq — qizg’ish-
(tribromo (R) fluoressein) Br, | A binafsha
Eritrozin " Ag’ zarg’aldoq — to’g-qizil
(diyodo (R) fluoressein) MoOg4 Pb2* & q a-a
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14-jadval

REDOKS INDIKATORLARNING XARAKTERISTIKALARI

Indikatorning nomi

Eo"

Rangining o’zgarishi

(PH =0) oksidlanish gaytarilish
Safranin T 0,24 qizil rangsiz
Neytral gizil 0,24 qizil rangsiz
Indigomonosulfon kislota 0,26 qizil rangsiz
Indigotetrasulfon kislota 0,37 ko’k rangsiz
Metilen ko’ki 0,53 yashil-ko’k rangsiz
2,6-Dixlorfenolindofenol 0,64 ko’k rangsiz
2,6-Dibrombenzolindofenol 0,67 ko’k rangsiz
Difenilamin (difenilbenzidin) 0,76 binafsha rangsiz
Difenilaminsulfon kislota 0,85 qizg’ish-binafsha rangsiz
N-fenilantranil kislota 1,08 binafsha-qizil rangsiz
Iéiiﬁgli:enantrolin-Fe(lI)-kom- 1,06 och-zangori gizil
Nitro-o-fenantrolin-Fe(l1)- 1,25 och-zangori binafsha-gizil

kompleksi
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15-jadval

METALL IONLARINI ANIQLASHDA QO’LLANILADIGAN ORGANIK REAGENTLAR

Element Reagent Aniglash usuli
Alizarin Fotometrik
Alizarinsulfokislotaning natriyli tuzi -/l-
Alyuminon -/l-
Alberon -1l-
Gematoksilin -1l-
Diazobenzolsulfokislota -1l-
Erioxromsianin -1l-
Kvarsetin -1l-

Alyuminiy Kupferon -/l-
Morin -1/-
8-Oksixinolin Titrimetrik, tortma
Piridin Fotometrik
Salitsilidenaminofenol -1/-
Tannin Tortma
Xinalizarin Fotometrik
Xinaldin kislota -1l-
Xromazurol S -1l-

Ammiak Kalignost Tort]r%?é::]t;:?fmk’
Alberon Fotometrik
Berilon 1l IPEA -1/-

Berilliy Kurku_min _ _ -1/-
4-p-Nitrofenilazoarsin -/l-
Tannin Tortma
Xinalizarin Fotometrik
Alizarinsulfokislotaning natriyli tuzi -/l-
Gallion IPEA -1-
Dibromoksixinolin Tortma
Kupferon -/l-
Morin Fotometrik

Galliy 8-Oksixinolin Tortma, titrimetrik,
fotometrik
Rodamin V Ekstraksion-
fotometrik
Tannin Tortma
Xinalizarin Ekstraksion-
fotometrik
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15-jadvalning davomi

Gafniy

Arsenazo Il

Fotometrik

Kupferon Tortma, titrimetrik
Difenilkarbazon Fotometrik
Germaniy 8-Oksixinolin Tortma
Fenilfluoron Fotometrik
Arsenazo -1l-

Indiy 5,_7?Dibrom-8-oksixinolin -1/-
Ditizon -1l-
8-Oksixinolin Tortma, titrimetrik
Antranil kislota Tortma
Diantipirilmetan -/l-
Ditizon Fotometrik
Difenilkarbazid -1/-
Na-dietilditiokarbamat -1/-

Kadmiy Kadion -/l-
Kristall binafsha -1l-
Metil binafsha -1l-
Merkaptobenztiazolon Tortma
a-Naftoxinon -1l-
8-Oksixinolin Tortma, titrimetrik
Dipikrilamin Tortma, titrimetrik,

Kaliy _ fotometri_k
Nitrozo-R-tuz Fotometrik
Natriy tetrafenilborat Tortma, titrimetrik
Azoazoksi Fotometrik
Natriy naftalinoksamat -/]-

Kalsiy Pikrolon kislota Tortma
Xloranil kislota Fotometrik
Oksalat kislota Tortma
Antranil kislota -1-
Diantipirilmetan -/]-
Dimetilglioksim Fotometrik
Ditizon -/1-

Kobalt 8-Merkaptoxinolin -/1-
8-Oksixinolin Tortma, titrimetrik,

fotometrik
PAN Fotometrik
Tiomochevina Tortma
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15-jadvalning davomi

p-Dimetilaminobenzilidenrodanin Titrimetrik,
fotometrik
Ditizon Fotometrik
Difenilkarbazon -1/-
Kumush Natriy dietilditiokarbamat Ekstraksion-
fotometrik
Merkaptobenztiazol Tortma
Tiomochevina -1l-
Xinaldin kislota Titrimetrik
8-Oksixinolin Tortma, titrimetrik,
Litiy fotometrik
Toron Fotometrik
Magniy bis-Salitsilidenetilendiamin -/l-
Difenilkarbazid -1/-
Magnezon IPEA -/l-
8-Oksixinolin Tortma, titrimetrik,
fotometrik
Pikrolon kislota Tortma
Sulfanil kislota Fotometrik
Titan yashil -/l-
Magniy Fe_naz_on _ Fotometrik
Xinalizarin -1/-
Antranil kislota Tortma
Natriy dietilditiokarbamat Fotometrik
8-Merkaptoxinolin -/l-
Nioksim -1/-
Marganes 8-Oksixinolin Tortma, titrimetrik,
fotometrik
Tiomochevina Tortma
Xinaldin kislota -1-
Sistein -1-
Antranil kislota Tortma
a-Benzoinoksim -/1-
1,2-Diaminoantraxinon-3-sulfokislota Fotometrik
Mis Dimetilglioksim -/1-
2,9-Dimetil-4,7-difenil-1,10-fenantro- -/1-

lin
Daksim

Ekstraksion-
fotometrik
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15-jadvalning davomi

Ditizon
8,8-Dixinolildisulfid
Kaliy ksantat

Kuproin

Kupferon
Merkaptosirka kislota
Merkaptobenztiazol

Fotometrik
-//-
Ekstraksion-
fotometrik
Tortma
Fotometrik
Tortma, titrimetrik
Ekstraksion-

fotometrik
Mis Neokuproin Fotometrik
a-Nitrozo-B-naftol Tortma, titrimetrik,
fotometrik
8-Oksixinolin Tortma
Salitsilaldoksim Fotometrik
Salitsil kislota Ekstraksion-
Tenoiltriftoratseton fotometrik
Tiomochevina -1/-
Tiosemikarbazid -1/-
Xinaldin kislota Tortma
Erioxromsianin Fotometrik
Kaliy ksantat -/l-
Mishyak Tioatsetamid Tortma
Tiomochevina -1l-
Tioanilid Fotometrik
a-Benzoinoksim Tortma
Ditiol Fotometrik
Molibden 8-Merkaptoxinolin -/l-
8-Oksixinolin Tortma, titrimetrik
fotometrik
Antranil kislota Tortma
a-Benzildioksim -1-
Diallilditiokarbamoilgidrazin -/l-
Dimetilglioksim Tortma, titrimetrik,
fotometrik
Nikel Ditizon Fotometrik
Nioksim -/1-
8-Oksixinolin Tortma, titrimetrik,
fotometrik
Tiomochevina Tortma
a-Furildioksim -1l-
Xinaldin kislota -/1-
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15-jadvalning davomi

Kupferon -/l-
Pirogallol Fotometrik
Niobiy Tannin Tortma
Toron Fotometrik
Fenilarson kislota Tortma
p-Dimetilaminobenzilidenrodanin Fotometrik
Ditizon -/l-
Merkaptobenztiazol Tortma
Oltin Rodamin B Fotometrik
Tiomochevina Tortma
Tiofenol -/l-
o-Toluidin Fotometrik
8-Merkaptoxinolin -/1-
Osmiy Tiomochevina -/l-
Tionalid /-
Atsetilen -/l-
p-Dimetilaminobenzilidenrodanin -/l-
Dimetilglioksim Tortma, titrimetrik,
fotometrik
2,2'-Dipiridil Tortma
Ditizon Ekstraksion-
fotometrik
8-Merkaptoxinolin Fotometrik
Palladiy a-Nitrozo-pB-naftol -/l-
8-Oksixinolin Tortma, titrimetrik,
fotometrik
Salitsilaldoksim Tortma
Tiomochevina -/l-
1,10-Fenantrolin Fotometrik
Fenilpiridilketoksim -/l-
a-Furildioksim Tortma, ekstraksion-
fotometrik
Platina 2-Merkaptobenzotiazol Tortma
a-Furildioksim -/l-
Brilliant sariq Fotometrik
Ditizon -/l-
Qalay D|t|0| '//'
Kristall binafsha -/1-
Metil binafhsa -/1-
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15-jadvalning davomi

Antarnil kislota Tortma
Arsatsen Fotometrik
Ditizon -1/-
Difenilkarbazid -1/-
Merkaptobenztiazol Tortma
8-Oksixinolin Tortma, titrimetrik,
Qo’rg’oshin fotometrik
Salitsilaldoksim Tortma
Sulfarsatsen Titrimetrik
Tioatsetamid Tortma
Tionalid -1l-
Ftal kislota Fotometrik
Xinaldin kislota Tortma
8-Merkaptoxinolin Fotometrik
Reniy Nitron Tortma
Rodamin 6J Fotometrik
Tiobarbitur kislota Tortma
Rodiy Tiomochevina -/l-
Tionalid /-
Rubidiy Dipi!<rilamin _ Tortma,_ fot_orr_letrik_
Natriy tetrafenilborat Fotometrik, titrimetrik
Antranil kislota Fotometrik
Ruteniy 8-_Merkapto_xino|in -/l-
Tiomochevina Tortma
Tionalid -1/-
Antranil kislota Tortma
Arsatsen Fotometrik
Brilliant sariq -/]-
Diallilditiokarbamoilgidrazon Tortma
Ditizon Ekstraksion-
fotometrik
RUX Ksineloloranj Fotometrik
Metil binafsha -/1-
Natriy ditiokarbamat -/1-
8-Oksixinolin Tortma, titrimetrik,
fotometrik
Rodamin B Fotometrik
Sulfarsatsen Tortma, titrimetrik,
fotometrik
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15-jadvalning davomi

Dipikrilamin Tortma, fotometrik
Seziy Kalignost Tortma, titrimetrik,
fotometrik
8-Oksixinolin Ekstraksion-
Seriy fotometrik
Tenoiltriftoratseton -1/-
Antranil kislota Tortma
p-Dimetilaminobenzilidenrodanin Fotometrik
Ditizon -1/-
Difenilkarbazid -1/-
Difenilkarbazon -1/-
Simob Kristall binafsha -1/-
Metil binafsha -1/-
Tetrafenilarsoniy xlorid -/l-
Tioatsetamid Tortma
Tiomochevina -1l-
Tionalid -1/-
Alizarin Fotometrik
Arsenazo -1l-
Arsenazo Il -1l-
Bodom kislota Tortma
Sirkoniy Ditizon Fotometrik
Kupferon Tortma
Morin Fotometrik
8-Oksixinolin Tortma, titrimetrik,
fotometrik
Stronsiy Pikrolo_n k_islota Tortma_
Xloranil Kislota Fotometrik
Pirogallol Tortma
Surma Pirrolidinditiokarbon kislota Fotometrik
Tionalid Tortma
Brilliant sariq Fotometrik
Ditizon -1l-
Kristall binafsha -/1-
Talliy Merkaptobenzotiazol Tortma
8-Merkaptoxinolin Fotometrik
Metil binafsha -/1-
Natriy tetrafenilborat Tortma, titrimetrik
fotometrik
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15-jadvalning davomi

p-Dimetilaminobenzilidenrodanin -/l-
Kupferon Tortma
Pirogallol Fotometrik

Tantal Tannin Tortma
Toron Fotometrik
Fenilarson kislota Tortma
Fenilfluoron Fotometrik
Kupferon Tortma, fotometrik
8-Oksixinolin Tortma, titrimetrik,

Titan fotometrik
Sulfosalitsil kislota Fotometrik
Tayron -/l-
Alizarin Fotometrik
Alizarinsulfokislota -1l-
Arsenazo Il -1l-

Toriy Kupferon Tortma_
Morin Fotometrik
8-Oksixinolin Tortma
Pikrolon kislota -1/-
Toron Fotometrik
Arsenazo Il -1/-
Kupferon Tortma
Merkaptosirka kislota Fotometrik
Morin -1-

Uran PAN -1-
Tenoiltriftoratseton Ekstraksion-

fotometrik
Toron Fotometrik
Xinaldin kislota Tortma
Kupferon Tortma
Vanadiy 8-Mer_ka}pto>_<inolin Fotome_trik _
8-Oksixinolin Tortma, titrimetrik,
fotometrik

Diantipirilmetan Tortma
Ditizon Titrimetrik
Ksilenoloranj Fotometrik

Vismut Kupferon Tortma
Merkaptobenztiazol -/l-
Merkaptofeniltiodiazolin Fotometrik

8-0Oksixinolin

Tortma, titrimetrik
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15-jadvalning davomi

Pikrin kislota Tortma
Pirogallol -/l-
Vismut T!oatsgtamid -1/- _
Tionalid Fotometrik
Tiomochevina Tortma
Toron Fotometrik
Ditiol Fotometrik
Merkaptosirka kislota -/l-
Volfram 8-Oksixinolin Tortma, titrimetrik,
fotometrik
Rodamin B Fotometrik
Komplekson 111 Fotometrik
xrom (111) 8-Oksixinolin Tortma, titrimetrik,
fotometrik
Xinaldin kislota Tortma
Difenilkarbazid Fotometrik
Xrom (VI) Komplekson 111 -/l-
Xromotrop kislota -/l-
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16-jadval.
NOORGANIK MODDALARNI ANIQLASHDA QO’LLANILADIGAN MUHIM
ORGANIK REAGENTLAR

Aniqlanadigan

Reagent ionlar

1. Azo-azoksi BN

¥
N=N N=N OH M.m. 398,42
CHj,

G

2. Azofosfon
PO(CH), HO M.m. 294,20

7 N N=N @OH Sc*

3. Alizarin (1,2-dioksiantraxinon)

O OH
M.m. 240,21
OH
AP, Be?*, F, In*,
ThV, Zrv
O
4. Alizarin qizil C (S) (natriy gidroksiantraxinonsulfonat)
O OH
M.m. 360,27
OH |3 1] G 3 3
AT, B, Ga’*, La’",
“O " MO ThY, iV, UV, F-
SO;Na ' S
0]
5. Alberon (xromazurol S)
CHs CH,
HO 0]
M.m. 539,34
= A|3+, Be2+, |n3+’ Ga3+,
HOOC C COOH 70V Vi

Cl

3

SO;H
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16-jadvalning davomi

6. Alyuminon (aurintrikarbon kislotaning NH4*-li tuzi)

HO OH
:©\ M.m. 473,44
H,NOOC COONH,

AR, Be?*, ZrV, vV,
Ga3+, ThIV
COONH,

7. AlyumokreZOn (trlmetllalyumlnon)

/@i M.m. 515,52
H,NOOC COONH,

A|3+, Be2+, Mgz+, Ca2+,

Co%*, Ni%*
COONH,

8. 1-Amino-2-naftol-4-sulfokislota (ext-kislota)

OH M.m. 239,25
Pd**, NO,, PO4*

wn P
O I
%) )

H

9. Antipirin

H5C
>=>: M.m. 188,23
HsC—N 0 NO2~, Co(SCN)4>",
N HgCls>, Zn(SCN)42,
@ Bils~, AuCls~
10. Antrazoxrom (xromotrop 2S)
COOH
OH OH M.m. 468,42
N=N A", Be?*, Mg?*, Ca?*,
A
HO5S SO3zH
11. Antranil kislota M.m. 137,14
Cd?*, Co?, Cu?*, Mn?",
COOH ng+’ Ni2+, Pb2+, Th'V,
Zn?* (MR ko’rinishi-
NH, da)
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16-jadvalning davomi

12. Antarnil kislotaning izopropilengidrazidi

M.m. 191,23
VV
NH,
13. Arsazen
H,03As M.m. 470,28
2+ 2+
14. Arsanil kislota (p-aminofenilarson kislota)
M.m. 217,06

OH
HZNOA§->O
OH

Ti'V, Zr'V (MR; ko’rini-
shida)

15. Arsenazo | (uranon I, toron, neotorin)
AsO(OH), OH OH

@N:N
Na038 SOgNa

M.m. 592,29

Al’* BFs, Be?*, Ca?,
Co%", Cu®*, NbY, Ni?*,
Tav, ThV,Ti'V, UO,?,
vV, zr'V

16. Arsenazo Il

; Hogsj - - .,sogH
N:N N:N

AsO(OH), OH OH AsO(OH),

M.m. 776,39

ThIV UIV HfIV ZrIV
A|3+,Be2-;- CaZ-’l- Cd2,+
Hg?*, Mg?, Pb?*, Ti"V,
Zn%*, Y3

17. Arsenazo M

; Hoss;j - ! .,sogH
N:N N:N

AsO(OH), OH OH SO,;H

M.m. 732,50

La" AI** Ba?*, Ca®,
Cu?, Ga*, In¥*, Mg?*,
Mn?*, Ni?*, Pb%*, Sr?*,
Sr?* SO4&

18. Askorbin kislota

HO, OH M.m. 176,13
o\ Nb"Y, Ti'V, U
O CHOH—CH,0OH
@)
19. Atsetilatseton (diatsetilmetan)
M.m. 100,12
HyC—C—CH,—C—CH; Be?*, Cr¥*, Fe3*, MoV!
(”) g VIII, VV, ZrIV
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16-jadvalning davomi

20. Ash-rezorsin, dinatriyli tuzi

NaO3S HO
O N=N—®0H M.m. 484,36
B!l
Chon
NaO3S
21. Barbiturat kislota
HN—C=0 M.m. 128,09
: \
0=C, CH; CN-, SCN-
HN—C=0
22. Batokuproin (2,9-dimetil-4,7-difenil-1,10-fenantrolin)
M.m. 360,46
cu'
23. Batokuproindisulfokislotaning natriyli tuzi
M.m. 564,54
cu'
24. Batofenantrolin (4,7-difenil-1,10-fenantrolin)
M.m. 332,40
Fe?*
25. Benzgidroksam kislota
-OH M.m. 137,14

©/C\‘ NOH

VV, Mn2+, UIV, TiIV

26. Benzidin digidroxlorid

H2NNH2 * 2HCI

M.m. 257,16

Tav, Ti'V, ce'V, Ge",
VV, WVI
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27. a-Benzildioksim (nikelon; a-difenildioksim)

M.m. 240,26
¢ Ni%*, Pd?*
e N N\
HO OH
28. N-Benzoil-fenil-N-fenilgidroksilamin (BFGA)
@ M.m. 213,24
C=0
ARt Be?*, Fe**, VY,
TaY, Hg?, Ti'V, wV!,
zrv
O
29. Benzoin M.m. 212,25
@C—CHO B Be2* GeV, Sp"
T Zn?*
O OH

30. a-Benzoinoksim (kupron)

.y

©

M.m. 227,26

Cu (CuR-2H20 ko’rini-
shida), Mo' (MoO2R:
ko’rinishida), Cu®*, VV

31. Benzolselenat kislota

0
2
*~oH

Q

M.m. 189,07
Sc3* (ScRs ko’rinishida)

32. 8-(Benzolsulfanilamino)-xinolin
X
z M.m. 284,34
N Cd2+ C02+
ok |
s
.B iazol
33 enzclirnazo M.m. 119.13
@[ “N Os, Cd?*, NiZ*, Ag",
N’ Zn2+
H
34. Berillon 11

NaO3S

OH OH* 4H,0
N N
NaO3S NaO,S SO;Na

M.m. 810,56

Be2+, BIII, M92+, A|3+,
Mn2+, Cu2+
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35. Berillon 111
HO3S
O OH HO M.m. 495,52
Be2+ BIII
O N=N N(C,Hs),
HO3S
36. Berillon IV
AsO3H,
OH M.m. 583,36
N=N l l Be2*, B!
HO5S N(CH,COOQOH),
37. Bis-salitsilal-etilendiamin
OH HO M.m. 268,31
I g
CH=N—CH, —CH,—N=HC
38. Bis (siklogeksanoksalil) digidrazon (kuprizon)
M.m. 268,27
SN e
N 1l 11 =
N—NH—-C—C—NH—N
39. Bodom kislota (fenilglikol kislota)
M.m. 125,15

©/CH(OH)COOH

HfY, Zr'V, sc**

40. Brilliant yashili

_(CZHS)ZN\Q\ /(:’/ N*(CoHs)z| SO,H
=
C

M.m. 482,64

BF4, SbCls, ReO4,
AuCls, TaFs, HgBrs,
ZnCls

41. 5-Brombenztriazol

N\\
'N
Br N

H

M.m. 198,02
Pd2+
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16-jadvalning davomi

42 . Brombenztiazo

HO
N, M.m. 384,25
\ —
Jeusta:
T O
43. Butilrodamin S (butilrodamin V; rodamin S butil efiri)
M.m. 535,12

(CoH5),N O N*(C,Hs),CI
¢ O
C/

AsY, GaCls, NbFe,
ReOs, TaFs, TeBre®

“OC4Hqg
44. Daksim
0 M.m. 184,15
HBC\N&NOH Co?* Cu?* Fe?* Nij2*
A S
@) I}I NOH
CHs
45, Ditissin
HO
HO 0 M.m. 286,24
‘ | O AP, Ga**, ThV, zrV
OH
OH O

46. Diallilditiokarbamidogidrazin (dalsin)
CsHs—N H—ICIZ—N H—N H—ICIJ—N H—C3H;5

M.m. 230,35
Ag*, Cu?*, Ni2*, Pb?",

O O
47. Diaminoantraxinonsulfokislota
) NH,
NH, M.m. 318,30
90®
O SO3zH
48. 3,3'-Diamionbenzidin (tetraamionodifenil)
M.m. 214,27
H,N NH,
SeIV’ VV, CrVI

H,N NH,
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16-jadvalning davomi

49. 2,3-Diaminonaftalin

NH, M.m. 158,20
NH,
50. Diantipiril-3,4-dimetoksifenilmetan
H3C—(I3_ | H CIZ_CII—CHg
H3C—N\N,CO OC\N,N_CHg M.m. 524,62
VV
OCHj3
OCHj3
51. Diantipirilmetan
HyC—C— CHy——C—C~CH, M.m. 388,47
H3C_N\N/CO OC\N N— CH3 Ti'V, Cd2+, Fe, Bi“l,
Co?*, Au, Ce, TI, Ir,
Mo, Os, Pd,. Sb
52. Diantipirilpropilmetan
H3C—C|3_ | CISH Cll_C—CH3
H3C—N\N,CO CIIHZ OC\N N—CHj M.m. 430,55
¢H. Ga®*, Ir**, TeV, TI', Os
CH;
93. Diantipirilfenilmetan
H,C— C C CHs,
3C N / C. N CH3 M.m. 460,53
f Ga3+ TeIV VV
54. 1,1'-Diantrimid (1,1'-diantraxinonilamin)
M.m. 429,43

2
OO @)
\ / NH

BIII, GeIV’ SeIV, TeIV

55. N,N'-Dibenzilditiooksamid (N,N'-Dibenzilrodanid kislota; DBTA)

S S

M.m. 300,44
Pd, Pt
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56. Dibenzoilmetan

0 0 M.m. 224,26
@E—CHZ—E—Q U0, Fe?*
59. Dibromoksin (5,7-dibrom-8-gidroksixinolin)
Br M.m. 302,95
AN Fe3+’ Ti'V, A|3+, C02+,
_ cu?, Ga¥, TI" v,
Br N ZrIV, |n3+’ SC3+, U022+
OH
57. N,N'-Dietilditiokarbamat (kupral, DDTK)
/ S M.m. 225,34
(C2H5)2N—C\ * 3H,0 Cu?*, Ni%*, UO*
SNa

58. N,N'-Dietil-p-fenilendiamin oksalat

(C2H5)2N@NH * H,C,0,

60. p-Dimetilaminobenzilidenrodanin (rodanin, Faygl reaktivi)
HI}I— (IZO

CHg
SC.. /C=CH—ON
S \
CHj,

M.m. 264,36

Ag’, Au**, Pd?, Pt,
Hg?*, CN~

61. p-Dimetilaminofenilfluoron (dimetilfluoron)

HO O @)
00O
HO C

M.m. 363,37
Tav
N(CH3)3
62. 2,2'-Dimetilgeksandion-3,5
M.m. 142,20
cH 2
+ e
ch_?_ﬁ_CHz_ﬁ_CHs (?:) (BeR2 ko’rinishi-
CH; O O

63. Dimetilglioksim (diatsetilglioksim, Chugaev reaktivi)
H;C—C=NOH

H,C—C—NOH

M.m. 116,12

Ni2*, Pd2* (MeR; ko’ri-
nishida), Fe?*, Co, Re
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64. 3,3'-Dimetilnaftidin

M.m. 312,41
e
H;C CHj,
65. N,N'-Dimetil-p-fenilendiamin digidroxlorid (yoki oksalat) [p-amino-
dimetilanilin]
(HsC),N M.m. 209,12
O + 2HCl HaS, HS", %, S
NH,
66. Di-2-naftiltiokarbazon (dinaftizon)
N
N=NCNH—NH M.m. 356,44

Ag', Au*, Bi®, Cd?*,
Cu?*, Hg?*, Ni?*, Pb?*,
TI*, Zn?*, In*, Ga**

67. 2,4-Dinitrozorezorsin
OH
NO M.m. 168,11
Co**, Fe
OH
NO
68. 3,5-Dinitropirokatexin
O,N OH
M.m. 200,11
OH Ge, W
O5N
69. Dipikrinamin
NO, O,N
M.m. 439,21
NO, K*, Cs*, Rb*
NO, O,N
70. 2,2'-Dipiridil (2,2'-bipiridil) M.m. 156,19

C1L0)
ol
N N

NiZ*, Co%*, Zn?*, Fe?*,
Cd?*, Co?*, Cu?*, Mn?*,

Ni?*, Pb%, Zn?*
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71. Disulfofenilfluoron

0 0
9@
C OH
©/SO3H
SO,H

M.m. 480,42
GeIV |n3+ TiIV

72. Ditizon (difeniltiokarbazon)

S
1l
@NH—NH—C—NzNO

M.m. 256,32

Ag', Au', Bi®*, Cd?*,
Co?*, Cu?*, Hg?, In**,
Ni2*, Pb2*, Pd?*, P2,

73. Ditioksamid M.m. 120,19
HN=C—C=NH Co?*, Cu®*, Ni?*, Pt"Y,
SH SH Ru', Os, U
74. Ditiol
CHj,
M.m. 156,27
Sn2+ WVI MOVI
SH
SH
75. Ditsinxonin Kislota
COOH COOH M.m. 460,17

TiIV, MOVI, UVI, WVI

76. Difenilkarbazid

0
|
@NH—NH—C—NH—NHO

M.m. 242,28
Hg?*, CrY!, Cu?*, Re, Os

77. Difenilkarbazon

0
Ot

M.m. 240,26

Cd%*, Co%, Cu*, Cu?,
Fe?*, Fe%", Hg.**, Mn?",
NiZ* Sn?* Pb?*, zZn%

78. 2,2'-Dixinolil (bixinolin, kuproin)

N M.m. 256,31
O PR | cut, TR
N N
79. 8,8-Dixinolilsulfid
M.m. 320,44
Cu*

= X
. )
N N
S—S
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80. 5,7-Dixlor-8-oksixinolin (dixloroksin)

Cl M.m. 214,05
Z TiV, Cu?, Fe**, Pb?,
| AIP*, Co?*, Ga**, In*,
NS
N Cl Sc* UO2?*
OH
81. 2,7-Dixlorxromotrop kislota
OH OH
M.m. 469,17

Cl Cl
I e
NaO3S SO;z;Na

TiIV, MOVI, UVI, WVI

82. EDTA (natriy etilendiamintetraatsetat, komplekson Ill, trilon B)

NaOOCH,C, CH,COOH
IN_H2C_CH2_N\ b 2H20
HOOCH,C CH,COONa

M.m. 372,24

BiIII COIII Cu2+ Fe3+
M92,+ Mn’lll N|2,+ Crl,”

83. Erioxrom qora T (xromogen qora maxsus ET-00)

OH
OH
NETORS Q N=N\“! l
O,N

M.m. 461,39

M92+ ThY. Ti'V Cd2+
In3*, Zn?*

84. Erioxromsianin R

CHs CHs
Z
HOOC C COOH

SO,;H

M.m. 470,45
AR Be* In®*, zr'v

85. Fenazo
O:N NO, M.m. 484,43
2+
86. Fenantrolin (ferroin)
M.m. 198,22

Fe?*, Cu*, Ru, Ni,
Zn?*, Mo, Hg, Mn
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87. Fenilarson kislota

@ASO3H

M.m. 202,04

Hf'Y, NbY, s, TaV,
ThV, zr'V

88. o-Fenilendiamin (1,2-fenilendiamin)

NH, M.m. 108,14
X se
NH,
89. Feniltiogidantion kislota
M.m. 210,25

2
| H

NH,

Cd?*, Co*, Cu*, Bi**,
Pb2*, Sb3*

90. Feniltiosemikarbazid

,NHZ M.m. 167,23
QNH—NH—C ReOs
W\
S
91. Fenilfluoron
M.m. 320,30

C OH
LXK
@) @) OH

Ga®t, Ge', In®*, MoV,
NbV, Sh, Sn, TaV, U,
zr'v

92. Fenol qizil (fenolsulfoftalein)

M.m. 354,38
Bro, Br-
SO3zH
93. Ferron
SO3zH
I M.m. 351,12
AN
AR Fedt Vv
~Z
N
OH
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94. Fitin kislota

OPO(OH),

(HO),0PO OPO(OH), M.m. 660,04
Th", NbY, Zr', Se'"

(HO),0PO OPO(OH),

OPO(OH),
95. Formaldoksim M.m. 45,04
H
Na_ Fe®*, Fe®, Mn?*, Ni?*,
,C=NOH V. Ce
H
96. Ftal kislota
COOH M.m. 166,13
x
COOH

97. Ftaleinkomplekson (o-krezolftaleinkomplekson)

HOOCH,C. .CH,COCH

HOOCHZC ~CH,COOH

CH2
M.m. 636,61
Ba*, Ca*, Sr**
COOH

98. Fuksin asosi

+
HsC c?

M.m. 337,85
Br,, BF4, ReO4, SV

Cl
NH,
99. a- Furildioksim
M.m. 238,20
L) L J NiZ*, Co?, PaE", Re
HON NOH
100. B-Furfuraldoksim (B-furfuraloksim)
CH=NOH M.m. 111,10
|| || Pd2+

@)
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101. Gallion

Cl OH
OH NH, M.m. 536,87
N=N* Ga®t, In®*
O3N HO,S ! ‘ SO,H
102. Gallat kislota
HO
M.m. 170,12
HO COOH VY, Ta"
HO
103. Gallotsianin
COOH
N\ M.m. 300,27
/©i Ga'"', Hg, Pb, Sb'
(H;C),N O @]
OH
104. Gematoksilin
OH
OH M.m. 302,28
HO CcH o AR, B, In%*, Fe?,
/ Fe®*, NbY, sn', TaV,
\ VV Zn2+
HO C~CH, '
CIH OH
CHs,
105. Geptoksim
NOH M.m. 156,18
NOH
106. Gidroxinon M.m. 110.11

HO—@OH

NbY, Ta¥, WV!, Au, Cr,
Ir, Ru

107. Glioksal-bis (2-gidroksianil)
HO

OH
CreoremiD

M.m. 240,26

Ca2+ Cd2+ SCs+ UVI
Mg?*, Co?*, Ni**, Ag,
Au
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108. Indigokarmin

HO,S Q § M.m. 254,29
\©[ £=c_ j@\ Chy, CIO", HzS
N C
N 5 SOzH
109. Kadion
M.m. 346,35
oZN—@NzN—NH—@NzNO Ca?*
110. Kadion S (S) (Kadion II)
SO;Na M.m. 550,43
Cd?*
O,N N=N—NH N=N SO3Na
111. Kaliy 2-2'-bisinxoninat
KO. -0 Os~-OK
C C M.m. 420,51
X = cu'
~ NS |
N N
112. Kaliy dietilditiofosfat M.m. 224,31
_S 2+ Qi3+ 4 2+
C.,H-0),P* Cu*, Bi°", Ni<*, Pb“™,
( 2115 )2 \SK Pd2+
113. Kalmagit
OH HO
M.m. 358,37
N=N O 803H Ca2+
Palibe
114. d, I-Kamfara kislota
H3C\C/COOH M.m. 200,23
HZCIZ/ \(IZ(CH3)2 Ga, In, Th
H,C—CH—COOH
115. Karboksiarsenazo
COOH (HO),0As
M.m. 770,41
Ba®*, SO4*

GNzN”‘O NzN@
NaO3S SOgNa
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116. p-Karboksigallanilid

HO
M.m. 289,24
HO ﬁ—rlxu—@c:OOH Tilv
O H
HO
117. Karmin
COOH M.m. 374,26
BIII, ThIV, UVI
HO OH
HOOC
118. Karmin kislota
O
BIII, ThIV, UVI
HO OH
HOOC
119. Kvertsetin
OH M.m. 302,24
cr''', AR, Fe**, sn'V,
HO O\”_GOH BIII Ga3+ GeIV fIV
C n3+ ThY, Zr'V, TaV,
%/ ~OH yVv!
OH O
120. Kislotali xrom binafsha K (xromli binafsha K)
OH
M.m. 366,33
NaO;S NbY
121. Kristall binafsha (kristallviolet)
M.m. 407,99

(H3C)2N\©\ /©/ N+(CH3)2CI-
C/

N(CHz),

Cd%, SbY, TaY, Ti%,
Zn?*, BF4~, ReO4",
ClOs7, SCN,
Pt(SCN)e?
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122. Ksilenoloranj

HOOCH,C, CH,COOH
,N_CHZ CHZ_N\
HOOCH,C CH,COOH M.m. 627,66
HO o AP**, Bi**, Cu*, Ga™*,
In%*, Hf'Y, NbV, Pd?*,
~ Pb?*, TI*, Ti'V, ThY,
H5C C CHs VY. zn2t, zrVv
SOzH
123. Kumush N,N'-dietilditiokarbamat
//S M.m. 256,13
(Csz)zN_C\ As
Ag
124. Kupferon M.m. 155,16

NO
s
ONH,

Bi®*, Cu?*, Fe®*, Ga®*
NbY, TaV, UV Ti'V,
ThY, ZrV, 1V, vV

125. Kuproin

O N ~ O 78 ga garang
~ NS
N N
126. Kupron
@ﬁ—?H@ 30 ga garang
HON OH
127. Kurkumin
OCHj
CO—CH=CHOOH
M.m. 368,39
H,C gl
co—CH=CH—QOH
OCH;
128. Lyumogallion
HO3S OH HO M.m. 344,73

N=N OH

y

Cl

Ga®*, NbY, MoV! Sc3*,
SnIV
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129. Lyumokupferon

0=C-OH O M.m. 310,35
I Il "
(H3C)2N—QCH=C—NH—C© Cu?
130. Magnezon |
HO M.m. 259,23
2+
oo Mg
131. Magnezon Il
OZN@N=N Q OH M.m. 293,29
W
132. Magnezon XS
NaO3S OH HO
M.m. 400,77
N=N Q Mg?*, Zn?*
‘alRe
133. Malaxit yashil B
<Hsc>zN@C{>=N+(CHS)ZCI' vim. 56452
GaCls~, ReO47, SbCl¢,
TaFs, TiCls~
134. 2-Merkaptobenzimidazol
M.m. 150,20
NYSH
Rh3*, Se
NH
135. 2-Merkaptobenzoksazol
M.m. 151,18

N\

\

"C—SH
g

Rh3+ Pd2+ |rIV

136. 2-Merkaptobenztiazol (kaptaks)

N M.m. 167,24
©E “C—SH cu?*, Bi*, TI*
S
137. Merkaptosirka kislota
o M.m. 92,11
/,
HS—CH,~C, Fe?, A%, WV, sn?*
OH
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138. 8-Merkaptoxinolin (8-Tioksin, tiooksin) M.m. 16123

AN
Cu®, Fe®*, In®*, Ir¥*,
N/ Ga®t, MoVY'!, Mn?*, Os,
Pd2+, Pt'V, Rh3+, TI*, V
SH

139. Metil binafsha
(H3C)N

AuCls, GaCls, ClIO4,

c:®:N+ (CH),CT ReO.", BF4", TaFs,

SbClg~, TICls, ZnCls*

HaCHN

140. Metiloran;j M.m. 327,33
.m. ,

(ch)zN—@NzNOsosNa Cly, OCI-, VY

141. Metiltimol ko’ki
HO CH,N(CH,COOH),
M.m. 760,85

Mg?*, Ca?*, Co?*, Zn?*,
Ga®*, HfV, Ti'V, Th"V,

¢ © VY, ZrV, NbY, Pd?*
@7803H CH(CH3)2

(H3C),HC CH,N(CH,COOH),

142. Metilfluoron

M.m. 258,23

o
@) @) OH

143. Mis tnuramat (merkupral, dikupral, tetrametiltnuramid-sulfid)

—C—S—S— =3 M.m. 303,96
Ag*, Hg?
(CHg),N-= Cu2*=<N(CHy), g "9
144. Morin
HO, M.m. 302,24
HO @) OH B”', Bez+’ A|3+, Ga3+,
‘ | In**, Ta¥, Th", zr'V, U,
OH w
OH O

236




16-jadvalning davomi

145. Mureksid (ammoniy purpurat)

HIN—C\O O/C—N\H M.m. 302,20
OC ~ S=N=C ~ CO°H0 Ca®*, Sr**, Zn?*, Ni%*,
HN—C\ OC—NH Sc3t
ONH,
146. B-Naftoxinolin
O M.m. 179,22
L
~
N
147. Nevazol NS
HO,S OH
OH
N=N M.m. 421,37
9@ v
O,N
SOzH
148. Neokuproin (2,9-dimetil-1,10-fenantrolin)
HC CH,
N N— M.m. 208,26
Cu?*
N\ 7/ N\ /
149. Nikel dietilditiofosfat
M.m. 429,13
2S .
(C,H50),FC Ni Cd?*
12
150. Nioksim (dioksim siklogeksandion-1,2)
NOH M.m. 142,16
CE Ni2+ Pd2+
NOH
151. Nitriton A
.10
CONH M.m. 424,49
‘ CONH© NO2~
H,N
152. Nitriton B
HoN M.m. 220,29
NO2~
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153. Nitroantranilazo

HOOC N N CH;
HO /N N M.m. 367,32
N L|+
154. 4-Nitrobenzolazoorsin
3C
M.m. 273,25
HO
155. 4-Nitrozo-N,N'-dimetilalanin
M.m. 150,18
or\1—<i>7|\|(cH3)2 Pd, Pt, Ir
156. p-Nitrozodifenilamin
M.m. 198,22
ON—@NH—Q Pd, Ir, Rh
157. 1-Nitrozo-2-naftol (a-nitrozo-p-naftol)
M.m. 173,17

NO
ses

Co®*, Fe3* Pd?* Ni?*

158. 2-Nitrozo-1-naftol (B-nitrozo-a-naftol)

OH
Q"

M.m. 173,17
Co®*, Ni?*, Pd®*, Rh

159. Nitrozo-R-tuz

M.m. 377,25
Co**, Fe, Pd**, U, Zr, K

HO;S  OH
NH,
N—N ‘
O:N HO,S ‘ SO5H

M.m. 548,49
Co, Pd?*
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161. Nitron
2+ - M.m. 312,37
»I N)= NOs-, ClOs, ClOs~
3, 3, 4,
HC. ReO4, BF4
162. Nitrosulfofenol S
HO4S HO5S SO;H SOgH
M.m. 810,62
N=N Nb'V, zr'v
HO NO,
163. o-Nitrofenilfluoron
O xXx
M.m. 365,30
Z OH
zr'V, NbY
l NO,
164. p-Nitrofenilfluoron
4004
Z OH M.m. 365,30
g
NO,
165. Nitxromazo (nitroortanil C)
HO;S
M.m. 778,62

SO,H
OH OH
HO,S SO,H

Ba%*, Sr¥*, S04+, S

166. 4-Oksibenztiazol
OH

"CH
S

M.m. 151,18
Cu2+ Ni2+ Zn2+ Cd2+
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167. Oksalat kislota

M.m. 90,04
\ /7
c—C Ca?*, La®*, Th
HO OH
168. Oksin
=z
| 175 ga garang
NS
N
OH
169. 2-Oksi-3-naftoy kislota
OH M.m. 188,18
COOH
170. 2-Oksinaftalinkarbaldegid-1
COH M.m. 172,18
OH Be?*, Mg?* (MR ko’ri-
OO nishida)
171. 4-Oksi-3-nitrofenilarson Kislota
02N M.m.
Cd?*
HOOASO(OH)Z
172. p-Oksifenilarson Kislota
M.m. 218,04
HOOASO(OH)Z snlv, TilV, zrVv

173. 2-(2-Oksifenil)benzoksazol

,,Nj@ M.m. 211,22
C 2+ 2+
0 Cu, Cd
OH

L

174. 8-Oksixinaldin

= | M.m. 159,17
NS 2+ 2+
HC” N Zn“", Mg
OH

175. 8-Oksixinolin (oksin, o-oksixinolin) M.m. 145,16

~ AR Be?*, Bi%* Cd?*
Co®, Cr3*, Cu?*, Fe?*,
N/ Ga®**, In®*, Mg?*, Mn?*,
MoV! NbV, Ni2*, Pb2*,
OH

sn', s¢3*, Ti'V, Th'V,
T|3+, UVI, V, WVI

240




16-jadvalning davomi

176. Ortanil B
HO3S
M.m. 608,57
pocunY
HO3S SOz;H
177. Ortanil K
SO;H HOOC
OH OH M.m. 652,69
N=N l l N=N Ba2+ 8042—
HO3S SO;H
178. Ortanil S (sulfonazo I1I)
HO3S
M.m. 688,65

503
OH OH
N_
HO,S SO,H

Ba%t, SO4%, Sr?*

179. PAN [1-(2-piridilazo)naftol-2]

O
|

HO

M.m. 249,27

Cd?*, Co?*, Co®, Cu?*,
Fe3* Gad*, In®, Mn?",
Ni2+ OSVIII Pd2+ UVI

Wt

180. PAR [4-(2-piridilazo)rezorsin]
OH

OH

M.m. 215,21

Co%*, Cu®, Ga®*, In®*
NbY, Pd2*, Pb?*, sV,
TaY, Ti'V, TI*, UV,
zn?, zr'v

181. Pentametil binafsha

(H3C)2N\©\ /E;/,/N"(CHg)ZCI-
C/

NHCH,

SbV, Zn2+, Cd2+, T|3+,
Hg?
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182. Pikramin R

SO3H
O,N O M.m. 514,39
NbY, Zr'v
e
O,N OH HO SO3H
183. Pikramin-epsilon
M.m. 558,36

O,N  OH
OH SO;Na
O2N NaOsS

cu?*, HfY, NbY, zr'v

184. Pikraminazofenol

O,N OH HO
M.m. 304,22
N=N C3.2+, M92+
O,N
185. Pikrin kislota
OH
O-N NO, M.m. 299,11
Bi®*
NO,
186. Pikrolon kislota
M.m. 264,20

N—C—NH;
o]
ﬁ—CH—NOZ

@)

Pb?*, Ca?*, Sr?*, Mg?",
Th"Y (MRs ko’rinishida;
n — metall valentligi)

187. Piperidin-N-ditiokarbon kislota

OC/<S

N_

M.m. 161,29
Co, Ni, Cu, Rh, Mg?*

188. Piridin (+ SCN")
“

|

N

C02+ Ni2+ Zn2+ Cd2+
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189. Pirogallol
OH M.m. 126,11
QOH N, T, i, 2, Sb. B,
OH
190. Pirokatexin
OH

©OH

M.m. 110,11
Ti, Mo, V, Nb, Ta, Ge

191. Pirokatexin binafsha (pirokatexinsulfoftalein)

M.m. 386,38

BIII Bi3+ |n3+ GeIV
Scd* sn?t, Tav, zr'V,
ThV

M.m. 164,30
NbY, Bi®*, Sb®*, Co, Ni

M.m. 286,28
(0] @) OH
194. Purpurin
H
OH M.m. 256,21
g
195. Rezarson
203AS
M.m. 388,60

o

Ge'V, MoV Ga, Th
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196 ReZOrsiIaIdoksim

M.m. 153,13
@[ ot
CH=NOH
197. Rodamin V (rodamin S)
M.m. 479,02

(CoHs)N \©i :(;/’/N (CoHs),Cl°
©/COOH

AuCls, Cdls?, GaCly,
InBrs~, ReOs~, WO,
Zn(SCN)4*

198. Rodamin 6J

C,Hs HN: :

N*HC,HsCI”

Q

3
COOC2H5

o4

M.m. 479,02

TaV, Zn(SCN)4%, In®*,
ReO4, TICl4s, GaCls

199. Salitsilal-o-aminofenol
OH

CH=N

Y
@5

M.m. 213,24
Mn?*, AIR*, Ga®*

200. Salitsilaldoksim
OH

-

CH,—NOH

M.m. 137,14

cu®, TiV, UV! zn?*,
Pb?*, Fed* Ni?*

201. Salitsil kislota

COOH

(e

M.m. 138,12
Fe¥, cu®, TiV, uV!

202. Salitsilidenaminofenol

OH HO M.m. 213,24
GromlO
203. Salitsilidenetilendiamin

OH HO M.m. 268,32
GCH=N—CH2—CH2—N=HC© Mg*
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204. Salitsilfluoron

HO @) 0)
XX XX
HO C OH

M.m. 380,30
|n3+, Th'V, WVI, 8042—

OH
COOH
205. Selenokarbamid
NH, M.m. 123,02
Se=C\ osV! Ru'v
NH,
206. SPADNS
e M.m. 570,40
N=N SO3Na
‘O HfY, Th"Y, zZr'V, F-
NaO3S SOgNa
207. Stilbazo
A|3+, BIII’ Ga3+, |n3+,
HO OH Mo"', Sn?*, Sc¥, Zn?,
HC=CH 71V
H4NO3S SO;NH,

208. Stilbekson

HOOCH,C CH,COOH
\ / M . 4
N CH=CH N - 46,50
HOOCH,C CH,COOH Fe
SO;Na NaO3S
209. Sulfanil kislota
NH,
M.m. 173,18
Al Mg?
SO;H
210. Sulfarsazen (plyumbon)
A503H2 M.m. 572,32

OZNON=N—N H—@N=N—@503Na

Pb2+, Zn2+, ng+
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211. Sulfoalltioks

= M.m. 281,34
o
N Rh
S—CH,—CH=CH,
212. Sulfonazo
HO,S  SO3H HOsS  SOzH
976,90

so¥

NH
NH, OH >\: \\// :/< OH NH,

Sc®*, In®, Ga®t

213. Sulfonitrazo E
NaO5S

OH 803Na
N=N

NaO3S

M.m. 615,40
Ga®*, Sc**, Mo, V

214. Sulfonitrofenol M
HO,S SOzH

OH OH M.m. 749,62
N N Pd2+ ZI’IV
HO3S SO3zH
215. Sulfosalitsil kislota
OH
COOH M.m. 245,21
*H0 Fe, Ti'
SO;H
216. Sulfoxlorfenol S
HO3S OH SO;H
M.m. 789,52
NbY, MoV

OH OH
- N
HO,S SO4H Cl
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217. Sulfoxrom
COOH COOH

M.m.584,57
A|3+ F BeZ+ Galll

HO @)
~
H,C C
SO3;NH,
SO3NH,
218. Tayron (tiron)
OH
OH
NaO;S SO;Na

M.m. 314,19

Fe>*, Ti", NbY, Mo"/,
ce", Os

219. 2-Tenoiltriftoratseton (TTFA, TTA)

@—C—CHZ—C—CFg
S 1l I
o) o)

M.m. 222,18

Al**, Ba®*, Be?*, Bi**,
Cd?*, Ce?*, Co?, Cr*,
Cu®*, Fe®*, In®*, NbV,

Ni2*, ThY, T, TiV

220. Tetra
COOC,Hs M.m. 378,22
N NSCoN=N-CH-N=N-c# N Ni?*, Co*, Fe*", Fe*,
] || - 3H,0 PAP*, Cu?*, Zn?*
N—N—Na Na—N——~N
221. Tetrasimobatsetatfluoressein, Na-li tuzi
CH3;OOCHg HgCOOCH;
0] 0]
M.m. 1372,80
= SZ—
H;COOCHg C HgCOOCHS;,
COONa
222. Tetrafenilarsoniy xlorid
B 1+
M.m. 418,80

ReO4, OsV!, Cd?*,
Mn?*, Hg?*, Sn?*, Zn?*
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223. Tetrafenilboratning natriyli tuzi (kalignost)

OFO|

M.m. 342,22

K*, Cs?*, Rb*, NH4",
TI*

224. Tetrafenilfosfoniy bromid

- 1+
M.m. 419,30
225. Tioatsetamid M.m. 75,13

HSC_ﬁ_NHZ
S

Cd%*, Cu®, As, Sb,
Bi**, MoY!, Pb?*, Pd?*

226. Tioglikol kislota
HS - CH. - COOH

M.m. 92,11
U, Fe, Co?*, Ni?*, Mo,
Pd?*, Cré*, Se, Ta

227. Tiokarbamid
HZN—ICI:—N H2

M.m. 76,12

Ir, Rh, Ru, Bi**, OsV',
TelV, SelV, Pd?*, NO»

228. Tionalid

Va

NH-C,
CH,—SH

M.m. 217,29

Ag+ AS”I Sblll Sn2+
CU2+, ng+, Pd2+, Bi3+,
Rh" Ru, Mn?*, TI*,
Pb**

229. Tiooksin (8-merkaptooksixinolin)

= M.m. 237,25
o * 3H,0 Pd?*, Cu?*, ReOs, In*,
N Mn%* \/V, Co?*, Os, TI*
SNa
230. Tiofenol

SH

%

M.m. 110,17
Au**, Pd?*, PtV
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231. Titan sariq

SO4H HO5S M.m. 695,71
2+ 2+
@@NNNH@@ Mg?", Cd
233. o-Tolidin
M.m. 212,29
HzNNHz Cly, Bry, 12, CIO, Au,
CeIV
H,C CH,

234. Toluol-3,4-ditiol (1,2-dimerkapto-4-metilbenzol)

SH M.m. 156,27
/@i Sn2+ MOVI WVI
HC SH
235. Toron | (toron, APANS)
HO O
\ /)
A§-ONa HO  SO;Na
M.m. 598,27
N=N O Th'V, U, Li*, Be?*, Bi®*,
. zr'V, HfY
SO;Na

236. 8-p-Tosilaminoxinolin [8-(p-toluolsulfanilamino)-xinolin]

]
S NH—SOZOCH
N

M.m. 298,37
Cd%*, Zn?*

237. Triazinilstilbekson, Na-li tuzi

M.m. 952,61; Mg?*

NaOOCHZCHN NHCHZCOONa
\>—NH—©70H CH—QNH—(/
NaOOCHzCHN NHCHZCOONa
238. Vanadoks (2,2"dikarboksidifenilamin)
M.m. 257,25
NH o
COOH  COOH
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239. Vismutol I (vismutiol I)

N—N M.m. 150,23
Hs—k »—SH Bi”l, Pd2+
S
240. Vismutol Il (vismutiol 11, merkaptofeniltiotiodiazolon)
M.m. 226,33
®‘N_'§' Bi'", Pd?*, Te
S=ks Y sh , Pd*,
241. Xinazolinazo
OH O OH
OH M.m. 386,46
98®
OH O
242. Xinalizarin
CH,
HsC M.m. 272,21

\

H
N N

HO  N= N=N—( I
N

CHs

CHs

Mg?*, Be?*, APP*, Ga*',
In®*, Th'Y, UV!, Zn?*,
ZrIV

243. Xinolinazo E

\
/ N HO SO;H
N=N O M.m. 395,33
W,
HO,S
244. Xinolinazo R
\
/ N HO SO;H
N=N O M.m. 395,33
)
SO3zH
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245. Xinaldin
M.m. 143,19
m Pd, W, Ti", Os'",
N/ CHS RUIV, Rh'V, PtIV
246. Xinaldin kislota M.m. 209,20

X
~
N” >COOH

Cu?*, Zn?*, Pb?*, Ag",
Mn?*, Ni?*, Co?*, Fe?*,
Cd?*, U0

247. Xloranil kislota

0O
HO Cl A, Ca?*, Mo, Pb?,
Sr2t
Cl OH
@)
248. Xlorfosfonazo |
PO3H,
OH OH M.m. 538,82
Cl N=N:“\ yv
HO5S ! ‘ SO3H
249. Xlorfosfonazo I
PO;H, H,O4P
O4 OH M.m. 757,36
Cl N=N N=N Cl UV, Se*, Ba?*, Sr¥,
9@
HO,S SO,H
250. Xromazurol S
CHj, CHj,
Hojij\ O
~
NaOOC C COONa 5 ga qarang
SO;Na
251. Xromotrop kislotaning dinatriyli tuzi
OH OH M.m. 364,25

NaO3S SO3Na

crYl Ti'V, NbY, Ta¥
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252. Xrompirazol I

@

M.m. 532,68

P, As, Mo, BF4, TICl4,
AuCls, SbCle, Bilsg,
ReO4, Zn?*

253. Xrompirazol Il

Ose QQ} Se

M.m. 608,78

P, As, Mo, BF4, TICl4,
AuCls, SbCls, Bilsg,

f ReOs, Zn?*
254. X-Sirkonon (sirkonon)
OH
M.m. 292,31
N=N—@SQSH 7pv
H,;C
255. 7-Y od-8-oksixinolin-5-sulfokislota (ferron)
SO3zH
M.m. 351,11
Fe, F
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17-jadval

ORGANIK MODDALARNI ANIQLASHDA QO’LLANILADIGAN MUHIM ORGANIK

REAGENTLAR

Reagent

Aniqlanadigan
moddalar

1. Akonit angidrid
.g—C=0
HOOC—HC=C\C,O

I
)

Uchlamchi aminlar

2. 4-Aminoantipirin (Ka[Fe(CN)s] yoki (NH4)2S20s bilan birga)

Fenollar, xlorfenollar,
naftollar, aromatik alde-
gidlar

3. 4-Aminobenzoy kislota (PAB)

HZN—@COOH

Flavinlar, timol, metil-
etilketon

4. 4-Aminosalitsil kislota (PASK)

HZN—QCOOH Aldozalar
OH
5. Antranil kislota
NH; Aldegidlar,  ketonlar,
birlamchi spirtlar
COOH

6. Antron

e

Aldegidlar, uglevodlar

7. Barbiturat kislota
(0]

{

HN.__NH

=

Nikotin Kislota va uning
hosilalari, furfurol va
pentozalar

8. Benzaldegid
COH

8

Atseton, yugori spirtlar,
inden, aminlar
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9. Benzidin

Nikotin, aminonitrillar

10. Benzolsulfin kislota

O
S

\
OH

Xinonlar

11. 1,2-Benzoxinon

s

1,2-Diaminlar

12. 1,4-Benzoxinon

@)

.

Indol, pirrol va ularning
hosilalari, aminlar, sik-
lopentadiyen

13. Bindon

/ CC
C  H™H

Birlamchi va ikkilamchi
aromatik aminlar

14. Bromtimol ko’ki

To’trlamchi aminlar

15. Bromfenol ko’ki

To’rtlamchi aminlar

16. n-Butilamin
CH3z — (CH2)3 — NH3

Benzoxinon

17. 1,2-Dianizidin

H

,CO OCH;

Fenollar, aldegidlar

18. Dibepin

Birlamchi alkil- va aral-
kilaminlar
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19. Dimedon

H3Co C,CH3
HZCIZ/ \CI?HZ
0=C._.C=0
C
H,

Aldegidlar

20. 4-Dimetilaminobenzaldegid

HsC, 0
HsC H

Birlamchi aromatik
aminlar, sulfanilamid-
lar, to’yinmagan ugle-
vodorodlar

21. N,N-Dimetilanilin

HsC
")
H,C

1,3-Dinitrozobirikma-
lar, polinitrobirikmalar,
4-nitrobenzoy  kislota
efirlari

22. N,N-Dimetil-p-fenilendiamin gidroxlorid

HN‘@*N(CHQZ * 2HCI

Merkaptanlar, disulfid-
lar

23. 3,5-Dinitrobenzoilxlorid

NO,
0
c
/
cl
NO,

Ikkilamchi aromatik
aminlar, gidrazin hosi-
lalari

24. 1,2-Dinitrobenzol

NO,

Fluoren va uning hosi-
lalari

25. 1,3-Dinitrobenzol

NO,
NO,

Aldegidlar, ketonlar

26. 1,4-Dinitrobenzol

OZNONOZ

Fluoren va uning hosi-
lalari, siklopentadiyen

27. 2,4-Dinitrofenilgidrazin
O,N NH—NH,

NO,

Aldegidlar, ketonlar, al-
dozalar

255




17-jadvalning davomi

28. 2,4-Dinitroftorbenzol

Tiollar, birlamchi va
ikkilamchi aminlar

Birlamchi alifatik va
aromatik aminlar, piri-
din va uning hosilalari

O,N

F NO,

29. 2,4-Dinitroxlorbenzol

O,N

Cl NO,

30. Dipikrilamin (geksanitrodifenilamin)
NO, O,N
NO, O,N

Siklopentadiyen va ho-
silalari

31. Difenilbenzidin

Xinonlar, nitrozobirik-
malar, organik perok-
sidlar, xloraminlar

32. Epixlorgidrin

)

Piridin va uning hosi-
lalari

33. Etilendiamin
H>N — CH2 — CH2 — NH:»

Xinonlar va xinon hosil
giluvchi moddalar

34. 2-(4-Fenilazo)-fenilgidrazinsulfokislota

fp g S

SO;H

Atsetaldegid

Fenilgidrazin

©/NH NH,

Aldegidlar, monozalar

-Fenilendiamin + oksidlovchilar

HzN@NHz

Fenollar, birlamchi aro-
matik aminlar, diole-
finlar, izopren, xloro-
pren

37. 1-Fenil-3-metil-pirazolon-5
o
0=C

Diazobirikmalar
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38. Floroglyutsin

OH -
Furfurol, vanilin, 1,4-
benzoxinon, gidroxinon

HO OH
39. Formaldegid (+ H2S0a) Aromatik uglevodorod-
/,O lar, indol va hosilalari,

H_C\H polifenillar, xlorbenzol
40. Ftal angidrid

0

I

G Alifatik spirtlar

c’O

I

0

41. Fuksinsulfat kislota (Shiff reaktivi)

HNZ@:C—ONH—S%H

Aldegidlar, alanin, al-
bumin, aminosirka Kkis-
lota, meteonin

/OH
NH—SOZ—CI—\I
CH,3
42. Furfurol
CH

HC
|

Atseton, izopropanol,
borneol, metilketon,
terpenlar

43. Gibbs reaktivi (2,6-dibromxinonxlorimin yoki 2,6-dixlorxinonxlor-

imin)
Br Cl p-Holati bo’sh bo’lgan
fenollar, xlorlangan fe-
CIN 9) CIN 9) nollar, tiollar, kumarin
Br Cl
44. 4-Geksilrezorsin
C5H134QOH Akrolein
HO
45. Griss reaktivi (sulfanil kislota + 1-naftilamin)
NH, Nitrat kislota efirlari,

s+ O

nitrozobirikmalar, nit-

robirikmalar
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46. H-kislota (ash-kislota, 1-amino-8-naftol-3,6-disulfokislota)
OH NH,

HO,S” ‘ ‘ ~SO4H

Anilin va hosilalari, to-
luidinlar, ketonlar

47. 1-kislota (6-amino-1-naftol-3-sulfokislota)

OH
H,N” ‘ ‘ ~SO;H

Formaldegid, glioksal,
piperonal, urotropin

48. Metil binafsha (16-jadvaldan 139 ga garang)

Aldegidlar, nitrofenollar

49. Morfolin
HZC—O\
HZC\ /CH2
HN—CH,

Kislota angidridlar, xi-
nonlar

50. 1-Naftol va 2-naftol

con

Aromatik aminlar, ular-
ning hosilalari, sulfanil-
amidlar, aminobenzoy
Kislota, aminokislotalar

51. 1,2-Naftoxinon-4-sulfokislota (Erlix-Gerter reaktivi)

0
osogH

Birlamchi va ikkilam-
chi aminlar, gidrazidlar,
sulfanilaminlar, amino-
kislotalar, rezorsin

52. Ningidrin

]
@: E,c=o « H,0
0

Aminokislotalar, ami-
nofenollar,  birlamchi
aminlar, kislota gidra-
zidlari

53. 4-Nitroanilin

OZNONHz

Fenollar, naftollar, aro-
matik aminlar, diole-
finlar, aminofenollar

54. 2-Nitrobenzaldegid

NO,
©:COH

Ketonlar
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17-jadvalning davomi

55. Orsin
OH
Pentozalar, pentozanlar,
furfurol
H,C OH
56. Pikrin kislota
OH
OyN NO, Alifatik aminlar, alka-
loidlar
NO,
7. Piridi
57. Piridin Dinitroxlorbenzol, xlor-
= | benzol, poligalogenidli
S birikmalar
N
58. Pirrol
HC——CH
| Aldegidlar
HC_ CH
NH

59. 2,4-Pentadion
H3€_|C|:—CH2_|C|:—CH3

Birlamchi aminlar

60. Rezorsin (+ H2SO4)

OH . .
Benzaldegid, salitsil al-
degid, furfurol, fruktoza

OH
61. Salitsil aldegid
OH Birlamchi alifatik amin-
COH lar, ketonlar, sulfanil-

amidlar, yugori spirtlar

62. Siklopentadiyen
HCIJI—ICIZH
HC._CH

CH,

Ketonlar

63. Sulfanil kislota

HZN—@S%H

Aromatik aminlar, fe-
nollar

64. Tetrafenilboratning natriyli tuzi (16-jadvaldan 223 ga garang)

Ikkilamchi aminlar
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17-jadvalning davomi

65. Triptofan (+ oksidlovchilar)

c
@TN,I(I:—CHZ—CI:H—COOH

Y NH,

Aldegidlar

66. Vanadiy oksixinolyat

o\ﬂ/o Birlamchi,  ikkilamchi
va uchlamchi spirtlar
N Y\N i
N\ ' HO N/
67. Vanilin
HaCO, Ketonlar, pirrol, indol,
//O skatol
HO C
H
68. Xloranil
0 Birlamchi aromatik
Cl Cl aminlar, aminobenzoy
kislotalar,  uchlamchi
Cl Cl aminlar
(@)
69. Xlormaleinangidrid
H?:?H Tutash qo’shbog’lar
O=C\O/C=O

70. Xromotrop kislota, dinatriyli tuzi (16-jadvaldan 251 ga garang)

Formaldegid
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18-jadval

ORGANIK MODDALARNI ANIQLASHDA QO’LLANILADIGAN BA’ZI NOORGANIK

REAGENTLAR

Reagent

Aniglanadigan
moddalar

1. Gidroksilamin gidroxlorid (FeCl; bilan birga)
NH,OH-HCI (M.m. 69,49)

Xinonlar, angidridlar,
kislota amidlari, imid-
lar, murakkab efirlar

2. Denije reaktivi
HgSO4'HZSO4

Tiofen

3. Dragendorf reaktivi
KBils; (M.m. 755,70)

Alkaloidlar,  ionogen
bo’lmagan SAM

4. llosvay reaktivi
Cu(NOs); (yoki CuCly) + NH,OH-HCI + NH,OH + jelatina

Atsetilen va uning ho-
silalari

5. Millon reaktivi
HQZ(NO3)2 + Hg(NO3)2 + HNO,

Fenollar

6. Natriy nitroprussid (Legal reaktivi)
Naz[Fe(CN)sNO]-H,0 (M.m. 279,95)

Ketonlar, ikkilamchi va
alifatik aminlar, alde-
gidlar, indol va uning

gomologlari
. . L ] ] Nitrozobirikmalar, tio-
7. Natriy pentatsianoferrat (11) [natriy nitroprussid + ammiak] | karbamid, izonikotin

N&3[F€(CN)5NH3]

kislota, to’yinmagan va
aromatik aldegidlar

8. Reyneke tuzi
NH4[Cr(SCN)4(NH3).]-:2H,O (M.m. 372,44)

Organik asoslar: atro-
pin, xolin, rezerpin,
brutsin, xinin, strixnin

9. Tollens reaktivi

Organik gaytaruvchilar

10. Feling reaktivi
NaKC4H4O4 + CuSO,4 + NaOH

Qaytaruvchi saxaridlar

11. Folin reaktivi (fosforomolibdat va fosforovolframat kislo-
talarning aralashmasi)

Organik gaytaruvchilar

12. Fred reaktivi
Na,MoO, + H,SO4

Asos guruhini  yonaki
zanjirda saglovchi sik-
lik aminlar
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ANALITIK TERMINLARNING QISQA LUG’ATI

Adsorbsiya — gattig modda yoki suyuglik yuzasida erigan yoki gazsimon mod-
dalarning yutilishi

Aktivlik — ionlarning effektiv, tajribada aniqlanadigan konsentratsiyasi bo’lib,
u umumiy konsentratsiya bilan aktivlik koeffitsiyentining ko paytmasiga teng

Akseptor — elektronlarni gabul qilib, erkin orbital va donorning juftlashmagan
elektronlari hisobiga kimyoviy bog’lanishni hosil qiluvchi atom (ion yoki atomlar
guruhi)

Alkalimetriya — titrant sifatida kuchli asoslarning standart eritmalari qo’llani-
lishiga asoslangan miqdoriy analizning titrimetrik usullari

Amalda topilgan giymat — haqiqiy qiymatga yaqin bo’lgan aniqlanadigan
miqgdorning tajribada olingan yoki hisoblab topilgan giymati.

Analitik guruh — bir yoki bir nechta umumiy kimyoviy xossalarga ega bo’lgan
Kimyoviy birikmalar majmui

Analitik kimyo — moddaning kimyoviy tarkibini aniglash usullari hagidagi fan

Analitik reagentlar — kimyoviy analiz uchun mo’ljallangan va tozalik darajasi
bo’yicha farq giladigan kimyoviy preparatlar

Analitik reaksiyalarning sezgirligi — Topilish minimumiga garang

Analitik signal — aniglanadigan komponentlar miqgdori bilan funksional bog’-
langan aniglashlarning o’rtacha (matematik) natijalari. Sifat analizida — kimyoviy re-
aksiya natijasida moddaning tashqi ko’rinishi yoki agregat holatining o’zgarishi

Analiz aniqgligi — barcha (ham sistematik, ham tasodifiy) xatoliklarning nolga
yaqginligini ifodalovchi sifat xarakteristikasi

Analiz usuli — modda analizining asosini tashkil etgan prinsiplarning gisga
tavsifi

Analiz usulikasi — analizning aniqligini va to’g’riligini ta’minlaydigan bar-cha
sharoitlar va jarayonlarning batafsil bayonnomasi

Analiz usulining sezgirlik koeffitsiyenti — darajalangan xarakteristikaning
birinchi hosilaviy giymati

Analiz natijalarining to’g’riligi — sistematik xatoning nolga yaqinligini ifoda-
lovchi analiz sifati

Analiz natijasi — parallel aniqlashlar natijalarining o’rtacha qiymati

Aniqglanadigan modda bo’yicha titr (g/sm3, g/ml) — 1 sm? (1 ml) eritmadagi
titrantning massasiga ekvivalent bo’lgan aniqlanadigan modda massasi

Argentometriya — titrant sifatida kumush nitrat eritmasi qo’llanilishiga asos-
langan migdoriy analizning titrimetrik usuli

Atom massa (nisbiy) — modda atom massasining uglerod-12 atom massasi
1/12 gismiga nisbati

Atsidimetriya — titrant sifatida kuchli kislotalarning standart eritmalari qo’l-
lanilishiga asoslangan migdoriy analizning titrimetrik usullari

Birgalikda cho’ktirish — asosiy moddaning (komponentning) begona modda-
lar (qo’shimchalar) bilan birga cho’kishi

Bromatometriya — BrOs;~ + Br aralashmasi qo’llanilishiga asoslangan miq-
doriy analizning titrimetrik usuli
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Bufer eritmalar — pH ning muayyan giymati, oksidlanish-gaytarilish poten-
siali, metall ionlarining konsentratsiyasi va muhitning boshga xarakteristikalarini
doimiy saglab turadigan eritmalar. pH-buferlar — kislota-asos jufti HA va A~ yoki
MH* va M* komponentlarini saglagan aralashma; pM-buferlar — ML va M"™ ara-
lashmasi

Bufer sig’imi — eritma pH ini bir birlikka o’zgartirish uchun unga qo’shiladi-
gan kuchli asos yoki kuchli kislota migdori

Bo’lib-bo’lib cho’ktirish — moddalar aralashmasini ajratish usuli bo’lib, izla-
nadigan ionlarni spetsifik reaksiyalardan foydalanib tekshirilayotgan eritmaning alo-
hida ulushlaridan bevosita cho’ktirish

Darajalangan xarakteristika — formula, jadval yoki grafik ko’rinishida ifoda-
langan va tajriba yoki hisoblashlar yo’li bilan aniglangan komponent miqdorining
analitik signalga bog’liqligi

Diapazon — berilgan usulika bo’yicha belgilangan miqdorlar giymatlarining
oraliglari

Dispersiya — tasodifiy kattaliklarning o’rtacha qiymatiga nisbatan tarqgalishi

Donor — o’zining juftlashmagan elektronlari va aktseptorning bo’sh orbitalini
to’1dirishi hisobiga kimyoviy bog’lanishni hosil qiluvchi atom yoki atomlar guruhi

Donor-aktseptor (koordinatsion) bog’lanish — bir element atomining (donor-
ning) juftlashmagan elektronlari va boshqa element atomining (aktseptorning) bo’sh
orbitali orasida vujudga keladigan kimyoviy bog’lanish

Ekvivalent — kislota-asosli reaksiyada bitta vodorod (gidroksoniy) yoki OH-
ioniga yoki oksidlanish-qgaytarilish reaksiyasida bitta elektronga ekvivalent bo’lgan
moddaning real yoki shartli zarrachasi

Ekvivalent molyar massa — moddaning molyar massasi bilan ekvivalentlik
faktorining ko’paytmasiga teng bo’lgan 1 mol ekvivalent modda massasi

Ekvivalent nugta — qo’shilgan titrant miqdorining titrlanadigan modda miqdo-
riga ekvivalent bo’lgan titrlash egri chizig’idagi nuqta

Ekvivalentlik faktori fe(X) — kislota-asosli reaksiyada bitta vodorod (gid-
roksoniy) yoki OH™ ioniga yoki oksidlanish-gaytarilish reaksiyasida bitta elektronga
modda zarrachasining qaysi ulushi ekvivalent bo’lishini ko’rsatuvchi son

Ekstraksiya — tanlab ta’sir etuvchi erituvchilar yordamida suyuq yoki gattiq
moddalar aralashmasini ajratish usuli; aralashma komponentlarining erituvchilarda
turlicha erishiga asoslangan

Elektrolitik dissotsilanish — erituvchi molekulalari ta’sirida elektrolit moleku-
lalarining ionlarga parchalanishi

Elektrolitlar — molekulalari ionlarga dissotsilanadigan kislota, asos va tuzlar
eritmalari hamda eritilgan va suyugqlantirilgan holda elektr tokini o’tkazuvchi modda-
lar

Elektronga moyillik — elektronning atom, molekula yoki radikalga qo’shilishi-
da ajralib chigadigan energiya

Element organik analiz — organik birikmalardagi elementlarni migdoriy aniq-
lashda qo’llaniladigan analitik usullar majmui

Eritmaning ion kuchi — ionlar zaryadi va konsentratsiyasiga bog’liq bo’lgan
eritmadagi shu ionlarning 0’zaro ta’sir kuchini ifodalovchi kattalik

263



Erituvchilar — turli moddalarni eritish xossasiga ega bo’lgan kimyoviy birik-
malar yoki aralashmalar

Eruvchanlik — moddaning boshga moddalar bilan bir jinsli sistemalar — erit-
malar hosil gilish xususiyati; erigan modda konsentratsiyasi bilan ifodalanadi

Fiksanal — shisha ampulalarga joylashtirilgan va standart eritmalar tayyorlash
uchun xizmat giladigan moddaning anig miqgdori (odatda 0,1 mol)

Funksional analiz — organik birikmalar va plastmassalardagi reaksion faol
guruhlarni (funksional guruhlarni) aniglashda qo’llaniladigan fizikaviy va kimyoviy
analiz usullarining majmui

Gidroliz — erigan modda ionlari bilan suv ionlarining o’zaro ta’siri natijasida
eritma muhitining o’zgarishi

Gravimetrik faktor — aniglanadigan namudagi komponent miqdorini ifoda-
laydigan koeffitsiyent bo’lib, aniglanadigan komponent bilan gravimetrik shakl mo-
lyar massalarining nisbatini ko’rsatadi

Gravimetriya (tortma analiz) — ma’lum tarkibli birikma sifatida ajratilgan
namuna komponentining massasini aniq o’lchashga asoslangan kimyoviy analizning
miqgdoriy usuli

Guruh reagenti — ko’p sonli noorganik ionlar yoki organik birikmalarning
muayyan sinflari bilan xarakterli mahsulotlar (cho’kma, gaz, rangli eritmalar) hosil
giladigan reaktiv

Hajmiy analiz — Titrimetrik analizga garang

Identifikatsiya — fizikaviy, fizik-kimyoviy va kimyoviy xossalarni taggoslab,
noma’lum birikmani boshga ma’lum birikmaga o’xshashligini aniglash

Indikatorlar — muhit sharoitiga (gidroksoniy, metall ionlarining konsentratsi-
yasi, moddalarning oksidlangan va gaytarilgan shakllarining nisbati va boshqalarga)
bog’liq holda rangini o’zgartiruvchi organik va noorganik moddalar

lonitlar — o’zining ionlarini eritma ionlariga almashtira oladigan qattiq giyin
eruvchan moddalar

lonlanish — neytral atomlar yoki molekulalardan ionlarning hosil bo’lishi

Ishonchlilik chegarasi — o’rtacha giymatni saqlash ehtimolligi mavjud bo’lgan
oralig

Ichki kompleks birikmalar — tuz hosil giluvchi va kompleks hosil giluvchi
guruhlarni saglagan organik reagentlarning metall ionlari bilan hosil gilgan siklik
kompleks birikmalari bo’lib, markaziy atom shu sikllarning birida yoki bir nechtasida
joylahsadi

Kompleksonometriya — metall ionlarining etilendiamintetrasirka kislota bilan
kompleks birikmalar hosil gilish reaksiyalariga asoslangan miqgdoriy analizning titri-
metrik usuli

Konsentratsiya — eritmadagi berilgan komponentning nisbiy miqgdorini ifoda-
lovchi Kkattalik; hisoblashlarda asosan molyar, normal, foiz va molyal konsentratsiya-
lar ishlatiladi

Konsentrlash — aniglanadigan komponent miqdorini (konsentratsiyasini) oshi-
rish usulu

Koordinatsion son — kompleks birikmada markaziy atom bilan bog’langan
neytral molekulalar yoki ionlarning umumiy soni
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Ligandlar — kompleks birikmada markaziy atom bilan bog’langan molekulalar
yoki ionlar

Makrokomponentlar — aniglanadigan komponentda massa ulushi 10 — 100%
bo’lgan moddalar

Massalar ta’siri qonuni — muvozanatda turgan kimyoviy reaksiyalardagi ta’sir
etuvchi moddalar orasidagi nisbatlarni o’rnatuvchi gonun

Merkurimetriya — titrant sifatida simob (II) tuzlarining qo’llanilishiga asos-
langan migdoriy analizning titrimetrik usuli

Mikrokomponentlar — aniglanadigan komponentda massa ulushi 103% dan
kam bo’lgan moddalar

Mikrokristalloskopiya — analiz gilinadigan eritma tomchisiga reaktivning ta’-
siridan o’ziga xos shakldagi kristallarning hosil bo’lishiga asoslangan sifat analizi-
ning usuli

Minimal hajm — aniglanadigan ionning topilish minimumini saglagan eritma
hajmi

Miqgdor — ob’yektning aniqligi bo’lib, shu asosida uni bir jinsli tarkibiy qism-
larga ajratish mumkin

Migdoriy analiz — aniglanadigan namunadagi kimyoviy elementlar (birikma-
lar) yoki ular shakllarining konsentratsiyasini (miqdorini) eksperimental aniglash
(o’Ichash)

Mol — 0,012 kg uglerod-12 izotopida nechta atom bo’lsa, shuncha shartli zarra-
chalarni sagqlagan modda miqdorining birligi

Molekulyar massa (nishiy) — modda molekula massasining uglerod-12 atom
massasi 1/12 gismiga nisbati

Molyar konsentratsiya (mol/dm?, mol/l) — 1 dm?® (yoki 1 litr) eritmadagi eri-
gan moddaning mol miqdori

Molyar massa — 1 mol moddaning massasi (g/mol)

Molyar ulush — berilgan sistemada komponent migdorining moddalar umumiy
miqdoriga bo’lgan nisbati. Birning ulushlari, foiz, promille (mingdan bir ulush %) va
million ulushlarda (mIn-t) ifodalanadi

Namuna — kimyoviy tarkibni aks ettiruvchi tekshiriladigan materialning bir
gismi

Nazorat (xolis) tajriba — o’xshash shroitda (bir xil reagent, asboblar va bosh-
galar), lekin aniglanadigan moddasiz kimyoviy analiz jarayonlarini takrorlash. Analiz
natijalarini tuzatish maqgsadida bajariladi

Nigoblash — halagit beruvchi ionlarni kam dissotsilanuvchi, asosan kompleks
birikmalar ko’rinishda bog’lash yoki ularni boshqa shaklga (masalan, oksidlanish
darajasini o’zgartirib) o’tkazish

Nisbiy standart chetlanish — standart chetlanishning o’rtacha qiymatga nisbati

Normal konsentratsiya — 1 dm?® (yoki 1 litr) eritmada eritilgan moddaning
g-ekv miqdori

Oksidimetriya — oksidlovchilarning standart eritmalari qo’llaniladigan miQ-
doriy analizning titrimetrik usullar majmui
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Oksidlanish-gaytarilish potensiali — oksidlanish-gaytarilish juftini saglagan
eritmaga inert (platina yoki oltin) elektrod tushirilganda yuzaga keladigan potensial.
Nernst tenglamasi bilan ifodalanadi

Oksredmetriya — oksidlanish-gaytarilish reaksiyalariga asoslangan miqdoriy
analizning titrimetrik usullar majmui

Parallel aniglashlar — bir xil sharoitda bitta namuna uchun olingan ko’p sonli
natijalar

Permanganatometriya — titrant sifatida kaliy permanganat eritmasining qo’l-
lanilishiga asoslangan migdoriy analizning titrimetrik usuli

Protoliz — kuchsiz elektrolitlar yoki kam eriuvchan moddalar hosil bo’lishi bi-
lan boradigan moddalarning suv bilan o’zaro ta’siri

Qo’shimchalar — analiz gilinadigan namunada miqdori 10% dan kam bo’lgan
moddalar

Real zarrachalar — kimyoviy reaksiyalarda bevosita ishtirok etuvchi atomlar,
ionlar, molekulalar, radikallar, elektronlar va hokazo

Reduktometriya — qaytaruvchilarning standart eritmalari qo’llaniladigan miq-
doriy analizning titrimetrik usullar majmui

Selektiv reagentlar — muayyan sharoitlarda fagat kamroq sondagi ionlar bilan
o’xshash reaksiyalar beradigan analitik reagentlar

Sentrifugalash — markazdan qochma kuchlar ta’sirida aralashmalarni gattiq va
suyuq fazalarga ajratish

Serimetriya — titrant sifatida seriy tuzlarining qo’llanilishiga asoslangan miq-
doriy analizning titrimetrik usuli

Sistematik xatolar — aniglanadigan komponent migdorining haqiqiy va o’rta-
cha giymatlari orasidagi statistik farq

Sifat — moddiy ob’yektning (predmet, hodisa, jarayonning) muayyan aniqligi
bo’lib, shu asosida u berilgan ob’yekt deb hisoblanadi va boshga ob’yektlardan farq
giladi

Sifat analiz — aniglanadigan namuna komponentlarini topish va identifikatsi-
yalash

Solvatlanish — erigan modda zarrachalarining erituvchi zarrachalari bilan o’za-
ro ta’siri natijasida molekulayr agregatlar — solvatlarning hosil bo’lishi

Solvoliz — erigan modda va erituvchi orasida boradigan va muayyan tarkibli
yangi kimyoviy birikmalarning hosil bo’lishiga olib keladigan almashinish reaksiya-
lari

Spetsifik reaksiyalar — muayyan sharoitda fagat bitta moddani (ionni) topish-
ga (aniglashga) imkon beradigan analitik reaksiyalar

Standart elektrod potensial — 25°C va atmosfera bosimida elektrod poten-
sialni belgilovchi ionlarning aktivligi 1 ga teng bo’lgan eritmadagi elektrodning po-
tensiali

Standart (titrlangan) eritmalar — miqdoriy analizning titrimetrik usullarida
qo’llaniladigan aniq konsentratsiyali eritmalar

Standart namunalar — turli kimyoviy analiz usullari uchun qo’llaniladigan
aniq kimyoviy tarkibli etalonlar
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Standart chetlanish (o’rtacha kvadratik chetlanish) — xatoliklar xarakteristi-
kasi bo’lib, dispersiyadan olingan kvadrat ildizning musbat qiymatini ifodalaydi

Suyultirish chegarasi — 1 g aniglanadigan ionni saglagan eritmaning millilitr
miqdori

Titr (g/sm?, g/ml) — 1 sm? yoki 1 ml eritmadagi moddaning massasi

Titrimetrik analiz (hajmiy analiz) — aniglanadigan eritma bilan reaksiyasiga
sarflanadigan ma’lum konsentratsiyali reagent eritmasining hajmini o’lchashga asos-
langan migdoriy analiz usullarining majmui

Titrlangan eritmalar — Standart eritmalarga garang

Titrlash — titrimetrik analizning asosiy usuli bo’lib, unda ma’lum konsentra-
tsiyali reagent eritmasi byuretkadan aniglanadigan eritmaga ekvivalent nugtaga yet-
guncha qo’shiladi

Titrlash egri chiziglari — titrlash jarayonining grafik ko’rinishi. Egri chiziqlar
titrant hajmi (V) — ionlar konsentratsiyasi (C) koordinatalarida tuziladi

Titrlash sakramasi — titrlash egri chizig’ining keskin o’zgarishi. Titrantning
99,9 — 100,1% oraligdagi qo’shilishida kuzatiladi

Tomchi analiz — filtr qog’oz, shisha plastinka ustida eritmalarning tomchilari
orasida boradigan reaksiyalarga asoslangan sifat yoki yarimsifat analizning usuli

Topilish minimumi — ma’lum sharoitda modda yoki ionning ayni reaksiya
yordamida topilishi mumkin bo’lgan eng kam miqdori; analitik reaksiyaning sezgir-
ligini xarakterlaydi

Tortim — analitik aniqlashlarni o’tkazish uchun olingan namunaning muayyan
gismi

Tortma analiz — Gravimetriyaga garang

Vodorod ko’rsatkich pH — eritmdagi gidroksoniy ionlarining konsentratsiya-
sini (aktivligini) xarakterlovchi kattalik bo’lib, u H3O" molyar konsentratsiyasining
manfiy logarifmiga teng

Xelatlar — Ichki kompleks birikmalarga garang

Xossa — ob’yektning sifat ko’rsatkichi bo’lib, uning boshga ob’yekt bilan
o’xsahshligini yoki farqini ifodalaydi va u bilan ta’sirlashganda namoyon bo’ladi

Xromatografiya — muayyan sorbentda aniglanadigan aralashma komponent-
larining turlicha sorbsiyalanishiga asoslangan aralashmalarni ajratish va analiz gilish
usullarining majmui

Xromatometriya — titrant sifatida kaliy dixromat eritmasining qo’llanilishiga
asoslangan migdoriy analizning titrimetrik usuli

Xromoforlar — tashqi ta’sirlar ostida moddaning ranglanishini keltirib chigara-
digan atomlar guruhi

Yodometriya — I5/31- (1/21") juftining oksidlanish-gaytarilish xossalariga
asoslangan miqdoriy analizning titrimetrik usuli

O’ziga xos reaksiyalar — faqat berilgan modda uchun xos bo’lgan reaksiyalar

Chegara (quyi yoki yugori) — aniglanadigan komponentning eng kam yoki eng
ko’p miqdori

Cho’ktirish — bir yoki bir nechta ionlar yoki moddalarni kam eruvchan mod-
dalar ko’rinishida ajratish
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AHAJIMTUK KUMEHUHI PUBOKJIAHUIIINUT A ¥3 XUCCACUHHA
KYHIII'AH OJIMMJUIAP

A6y Paiixon Myxamman uOH Axman an-Bepynnmii — Ypra OcuéHuHr Oyrok
myTadakupu, SHIUKIONESTUCT OJTUMHU. MaTemMaTHKa Ba aCTPOHOMHUS, Teorpadus,
tonorpadusi, ¢usuka, GapmMakosorus Ba THUOOWET, T'COJIOTHUS Ba MHHEPAJIOTHS,
Tapuxra oujx Kyn comnu acapinap wmyamwmdu. Epaunar Kyé€m atpoduma
alTaHUIIIMHA OUPUHYMA MapTa aHUKJIATaH OJIUM

Anmuvapun MBan IlaBmoBuu (1903 — 1989) — kumérap-aHanutuk. AcCOCHid MIUTAPH
MUKJIOPHUH  MHKpO- Ba  yJIbTpaMUKpOaHaju3ra  OarwmmiaHrad.  Spum
YTKazruwiapaaru KyIIuMYajdapHU aHHUKJIAIAa HEWTPOH-aKTUBALMOH YCYJIHU
TaKImd dTIU

Anxemane (Alkemade) Kopuemuc (1923 — 1989) — nanmsuink mmdgokop. Asranra
doToMETpUSACH YCYIMHU UTIIIA0 YUKIU

Anrctpem (Angstrom) Angepc Honac (1814 — 1874) — mBex GpU3HKK Ba aCTPOHOMH,
CIEKTpas aHAJIM3HUHT aCOCUMIIapuaaH Oupu

Appennyc (Arrhenius) Ceante Asryct (1859 — 1927) — mBen ¢uskumérapu.
DNEKTPOJIUTUK AUCCOIMIIAHUII HA3APUACUHUHT acocyucu. KuMéEBuil kuHeTnkara
oup unUlapHuHr wmyammubu (Appenuyc TteHrinamacu). Hobenb MykodoTn
COBPHUHJIOPH

Aduemnyc (Afzelius) Horam (1753 — 1837) — mBen kumérapw, YIicajb
YHUBEPCUTETUHUHT KUME, MeTautyprusi Ba ¢dapmanus npodeccopu, bepuennyc
yCTO3H

Banap (Balard) Aaryan Xepom (1802 — 1876) — dpanity3 kumérapu. bpomuu karid

TAU

bekman (Beckman) Opucr Otro (1853 — 1923) — Hemuc kumérapu. Dpuran
MOJUTAaHUHT MOJIEKYJIIP MAacCAaCUHU aHMKJIALI YCYJIUHU HMIUIA0 YMKIW, CIIEKTPal
aHaJIM3 coxacujia uiniap ojaud 6opau

bep (Beer) Arrycr (1825 — 1863) — Hemuc mudpokopu. Onrukara oua TaaKUuKOTIap
o0 60paK, HYPHUHT IOTUIIUII KOHYHUHH Kamig 3Tau

beprman (Bergman) Topoepn VYmadp (1735 — 1784) — mBexn kumérapu Ba
MUHEpaJoru. AHATUTUK KUME acocunnapuan oupu. Cudar Ba MUKIOpUI aHATIN3
yCyJUTapUHM ULIUTA0 YUKIU

bepromne (Berthollet) Kimon JIym (1748 — 1822) — dpaniy3 kumérapu, KuMEBHIA
MyBO3aHaT TabIUMOTHHHMHT acocuncH. K. [Ipycrnan gapknu paBuiiga KuMEBUI
OMpUKMaJTapHUHT TapkuOW y3rapyBuaH nae0 TabKumjgangu. Xiop OujaH
OKapTUPHUII YCYJIUHU UIILIA0 YUKW, OEPTOJIIE Ty3UHH Kalid dTau

Bepuennyc (Berzelius) Ménc SIxo6 (1779 — 1848) — mBen KuMErapy Ba MUHEPAJIOTH.
Lepuii, cenen Ba TOpuitHU Kauid 3TAU. DIEKTPOKUMEBUN Ayallu3M Ha3apUsICUHU
acociaid Ba YHHUHT acocuja »JJIEMEHTIap, OWpuUKMalap Ba MHUHepayap
KJIACCU(PUKALMACUHU SpaTad. DJEMEHTIAPHUHT aTOM OFHUPJMKIAP KaJBaJMHU
Ty3/H, 3aMOHaBUN KUMEBUH OCNTHUIIAPHU KUPUTIU

bérrep (Bottger) Bumbrensm (1871 — 1949) — nemuic kumérapu. Mukaopuii aHaims3
yCYJUIapUHU UILIa0 YUKAU
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boiine (Boyle) Pobepr (1627 — 1691) — wnrnmum3 ¢uswku Ba kumérapu, JIoHIOH
KUPOJUTUK >KAMUSTUHUHT acocuuapuiad Oupu. KumMEBuil seMeHT TylyH4acHHU
OMpUHYM MapTa WI-MUK acocnad OepAu, SKCIEPUMEHTaNl YCyJUIapHU KUMEra
KUPUTAM, KUMEBUM aHaIM3ra acoc Coiau, KUMEHUHT ¢aH cudatuga
MIAKJUTAHUIIATA XUCCACUHM KYIIIU. ['a3 KoHyHIapuHUHT OupuHu sipatau (boiib
— MapuoTT KOHYHH)

bpencren (Bronsted) Moxanec Hukomayc (1879 — 1947) — naHusauk KuméErap.
Peakmusinap KuHETHMKAcH, SpUTMaiap TEPMOJWHAMHKACH OWIAaH IIyFYJUIaH]IH.
Kucnora Ba acocnap Ha3apusCUHHU UIIUTA0 YUKAU

bproctep (Brewster) Jletisun (1781 — 1868) — mormangusimuk (pU3WK, HYpHUHT
KYTOJIAaHWIIIMHYA YPTaHIW. YHUHT HOMH OWJIaH aTajaJuraH KOHYHHU Kamid 3T/u,
alimaHMa KyTOJJaHUIIIHU OYIU

byrep (Bougeur) Ileep (1698 — 1758) — ¢pany3 onumu, (GOTOMETPHSIHUHT
acocuuaapuaaH OupH. EpyFamk KyduHM Viuall yCyJUIApUHM MINIA0 YUKW
Epyrnukaunr cynum konynusu spatmu (byrep-Jlam6ept-bep koHyHM)

bynzen (Bunsen) PoOepr Buibrensm (1811 — 1899) — Hemwmc kumérapu. I'.P.
Kupxrod Owian XxaMKopiuKaa CHEKTpal aHanu3ra acoc conau. llesui,
pyouauitHu Kamig 3Tau

beeppym (Bjerrum) Humbe (1879 — 1958) — nanusimuk kumérap. DIIEKTPOKUME,
KHUCJIOTa Ba acoC Ha3apHsCH, BOJOPOJ HOHJAPH KOHIICHTPAIMACUHU aHUKJIAII,
aMmdoTep 3IeKTpoaUTIIap Ba OOLIKATApHU YPraHUII OWIIaH IIYFYJUIaHId

Baare (Waage) Ilerep (1833 — 1900) — HopBerusuiuk marematuk. K.M. ['ympaoepr
Owad OMpraaukaa Maccajiap TabCUpU KOHYHUHU acociad Oepau

Banpnen (Walden) Ilayme (1863 — 1957) — kumérap, IlerepOypr ®A HuHT
akagemukd, 1919 iwnman Ooumad ['epmanusiga  unuiagu.  DpuTMaiap
AIEKTPOKUMECH, ONITHK U30MEPHUSHU YpraHau; KUME TapUXUTa OUJl acapjapHUHT
Myadu

Bant-T'o¢d (vant-Hoff) ko6 Xenmpuk (1852 — 1911) — rosuranausiuk puskumMérap,
kumé€ O6yiinua oupunun HoGenb mykodoTu coBpunmopu. CTepeokume, spuTManap
Ba KUMEBUU KHHETHKA TabJIIMMOTHHHUHT acoCUWIapuiaH OWpH. DpuUTManapaard
OCMOTHUK O0CUM KOHYHUHU Kaii 3Tau

Betioens (Veibel) Crur DOpuk (1898 — ) — naHusiuK Kumérap. OpraHuk
OMpUKMalIap aHAJIM3UHU U0 YHKIU

Bennens (Wenzel) Kapa ®@puapux (1740 — 1793) — ®peiibepraarn MeTamn KyHuI
3aBOJHUHT  OOIIKAPYBYMCH. OKBHBAJICHTIAD KOHYHUHUHT  KampuéTdyucu
Puxrtepnan onguH KHUCIOTa Ba acocjiap JOMMHI HucOaTiapaa OUPUKUIINHU
AHUKJIATN

Bénep (Wohler) ®puapux (1800 — 1882) — wHemuc kumérapu. AHOPraHuk
MojaiapJlaH OWpPUHYM MapTa OpraHuK OupHKMaHu cuHTe3naau. 0. JIubux
Owtan Oupranukaa OEH30WT PAAUKATUHUHT MaBXKY/TUTUHA UCOOTIIAaTu

Boxkien (Vauquelin) Jlym Hukona (1763 — 1829) — ¢panmy3 kumérapu. Xpom Ba
OepuIHitHY Kard 3Tau

Bosnacron (Wollaston) Yunbesm (1767 — 1828) — unrnu3 kumérapu Ba GU3HKH
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Bonpra (Volta) Aneccannpo (1745 — 1827) — wranusuiuk ¢Gu3Mk Ba (HU3HOJIOT.
DJNEeKTp TOKH TabJIMMOTHHUHI acoCUYWJapuiaH OWpU. DBUpHHYM TraJbBaHUK
9JIEMEHTHU Ba OMPHHYM TaJIbBaHUK dJIEMCHTJIap OaTapesCUHM IpaTIu

Iagomun (Gadolin) FOxan (1760 — 1852) — dbunnaaausivk kumérap, T. Beprman
morupau, AOGO0 yHUBEpCUTETHHUHT mnpodeccopu. HWrrepOupma Tomwmiraxn
MUHEpaJIHH YpraHuill JaBOMUA STHTU CUMpaK-ep JIEMEHTUHU Kali} 3Tau

IaneBanu (Galvani) Jlymmku (1737 — 1798) — wranusiuk aHaTtoM Ba (DHU3HOJIOT,
AJIEKTP TAbIUMOTHHHUHT aCOCUWJIApUAAH OHPH, SKCIEPUMEHTAN 3JEKTpo(u3no-
JOTrusg  ACOCYHUCH. METAITHUHT  3JEKTPOJUT OWJIaH  TabCHUPJIAHUIIHIAH
noTeHuuaap Gpapku r03ara KeIUIIMHA aHUKIaau

I'amu (Hantzsch) Aptyp Pymoned (1857 — 1935) — opranuk-kmmérap, OpraHuk
OMpUKMaTapHUHT aHAIW3 KUJIUIIIa OUpuHYM MapTa (GU3UK-KUMEBHHA yCYIUIapHU
KYJUTaJId

Ietirep (Geiger) Xanc Busbrensm (1882 — 1945) — Hemuc ¢usuku. 3apsijiaHra
3appavaliapHu Kau 3TUII aCO0OMHU UXTUPO KUIITU

Ieti-JTroccax (Gay-Lussac) Xozed Jlym (1778 — 1850) — dpaniy3 kumérapu Ba
¢usuku. ['a3 KonyHiapunu kamid >tau. Xiop, Hojl, Kajauil Ba HATpUH — KUMEBUHN
ANIEMEHTJIAp AKAHJIUTHUHU UCOOTIaAu. DPYBUAHIUK JAMarpaMMaiapuHu OUpUHYU
Oynmu6 Ty31u. XaXMUN aHATN3 yCYJUIAPUHUA MyKaMaJlJIallTUPIU

[etipoBckuii (Heyrovsky) Sipocnas (1890 — 1967) — yexusuink puzkumérap

BaH ['empmonT (Van Helmont) fAn bantucr (1574 — 1644) — roaHAMsIIAK
TaOMATIIYHOC, SATPOKUMEHUHI Ky3ra KYpUHIaH HamosHAanapuaaH Oupu. «I'az»
aTaMaCHHUHT Myaudu

I'n66c (Gibbs) JKozaiis VYwmmapa (1839 — 1903) — amepukanuk (U3VK,
TEPMOJAMHAMHUKA Ba CTATUCTUK MEXaHWKAaHUHT  aCOCUWIApUAAH  OupH.
TepMoanHaMUK TOTEHIMAIAP HA3apU-CHHU UWNUIA0 YHUKAW, TeTepOreH
cucTeMaiap/iard MyBO3aHATHUHI YMyMHH maptu — ¢aszanap KOUJACUHU Karid
1AM, Katop TeHrnamanapau (I'mboc — 'enpmromsil, ['n66¢ — [iorema) unkapau

IlNonmenscpénep (Goppelsroeder) Kpucrodp ®penepux (1837 — 1919) —
mBeHIapusUIMK kumérap. Kanusuisp ananusra ouj Ky COHIIM UIUIap Myalmudu

Iopman (Hoffman) Asryct Bumbrensm (1818 — 1892) — nemuc kumérapu, fO.
JInbux morupau. AcocaH a3oT Ba (PTOp CaKJIOBUM OpPraHUK OWpUKManap Ba
aJKaJIoOuIap YCTUA TaTKUKOTIap 0Jau0 6opau

I'opman (Hoffman) ®punpux (1660 — 1743) — romanausiink mudokop. AHAIUTHK
Ba (papmaneBTHK KUME OyiiMua Typiau Tagkukotiaap myamwmubu. Kym connum
TaOUUIl MUHEpasl CyBJIapHHU TEKIIMPUO, yaapaa kapOoOHAT aHTUIPHUA, KalblHUil Ba
Marauii Ty3i1apu OOpIUTHHU aHUKIIAAN

I'porryc (Grotthus) Kpuctunan Horann utpux don (1785 — 1822) — ¢usuk Ba
KUMErap OJIMM. OJEKTposin3 Hazapuscu Ba (portokumé konyHunu (I'porryc —
Hpeiinep KOHYyHH) Kamid 3Tau

I'ymeaoepr (Guldberg) K. Makcumuiman (1836 — 1902) — ckaHAWHABUSIINK
marematuk. [I. Baare Owman Oupranmkga Maccajmap TabCUPU KOHYHUHHU
TabpudIaIn
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Haneron (Dalton) Xon (1766 - 1844) — wnrnu3 kumérapu Ba (QU3UKHA, KUMEBHI
aTOMHU3M TaBJIMMOTHHHUHT acocuucH. Kappanu HucOaTiap KOHyHHHH Kamid 3T/u,
«aToM OFUPIUK» TYIIYHYACHHH KHPUTAH, OUp KATOp SJIEMEHTIAPHUHT aToM
MacCaJlapiHH  aHUKJIaAW. VHCOHNIapia paHr aXpaTHIl XYCYCHSTHHHUHT
Oy3WIUIIMHYU (HaTbTOHU3M) Tabpudad oepau

Hexpyasuns (Descroizille) ®pancya Anryan Anpu (1751 — 1825) — dpanmys
KuMErap-texHosoru. Kucimora Ba HIDKOpJIApHH XKMHA aHAIU3  KHJIWII
yCYyJUTApUHH UIIIA0 YUKIN

JIoBu (Davy) I'emdpu (1778 — 1829) — unrnn3 kumérapu Ba GU3HKH. IICKTPOKIME
acocuniia-punan oupu, JIOHTOH KUPOJUTHK KaMUSITHHUHT ab30CH Ba KEHUHYAIHMK
VHUHT TPE3UACHTH. OJIEKTPOIU3 €EpAaMHIa Kaluid Ba HATpUW, KaJbLWM,
CTPOHIIH, Oapuii, MATHUWHU OJIUILTA SPUILIU

Hro6ock (Duboscq) Xrwoae (1817 — 1886) — ¢paniy3 omumu. CHEKTPOCKOIHH
MyKaMMaJIJIaITH PN

Jromonr (Dulong) [eep Jlyn — dhpaniy3 pusuku Ba kumérapu. bupuauu 6yamu0 azor
xjopun Ba dochur kuciaoranu onagu. A. Iltm OuyaH Ouprajvkiaa HCCUKIMK
CUFUMU KOHYHMHHM Kali} 3TI1, KATEPOMETPHU UXTUPO KUIITU

Jroma (Dumas) Xan Baruct (1800 — 1884) — ¢paniry3 kumerapu, OpraHuK KUME
acocuuyiapu-ian Oupu. A30T OyFiiapu Ba OpraHUK OUpHUKMAaap 3UWIMTHHU
aHUKJIAII YCYJUIAPUHU TakIud STAu

Keitmc (James) A. — Tra3-CylOKJIMK TaKCUMJIAHUIN XpoMaTtorpadusaCcUHU HUILIa0

YUKIH

XKobup nbH Xaiién (taxmuHan 721 — 815) — apab ankumérapu. Kyn conmm kumeEBmii
*apaCHiiapu TaBcU((DIaHTaH aIKUMEra ouJ] acapiiap Myautipu

Koddpya (Geoffroy) Knox XKozed (1685 — 1752) — dpanmy3 kumérapu. Typiu
TaOuuil OMpUKMaNap aHAIU3WHU YTKA3/11, HOBIIAAUI TAPKUOMHHU aHUKJIAH

Wnbunckuit Muxaun Anekcanapoud (1856 — 1941) — pyc opraHuk-kuMéErapw,
aHWINH OYEKJIap CAaHOATUHUHT aCOCUUCH

Kagenaum (Cavendish) I'eapu (1731 — 1810) — wHMM3 QU3MKKH Ba KUMETrapH.
Kynruna rasznmap-HMHT XOCCaJlapuHU YpraHjd, BOJOPOJIHU Kamid OSTAH, XaBO
TapKUOWHU Ba CYBHUHI KMMEBHM TapKUOWHW aHUWKJIAAW. EpHUHT rpaBUTaliOH
JTOMMMIIINTY, MACCACH Ba ypTaya 3UWIMTUHU YI4aau

Kannwutmapo (Cannizzaro) Cranucnao (1826 — 1910) — uranusuiuk kumérap, aTom-
MOJICKYJISIp Ha3apUSHUHT acoCUWIapuaaH OupH. «ATOM», «IKBHUBAJICHT» Ba
«MOJIEKYJIa» TYIIYHUaJIapuHU acociiad oepau

Kekyne (Kekulé¢) ®pumpux Apryct (1829 — 1896) — mHemmc kumérapu. OpraHuk
OupUKManap TY3WIMIIM Ha3apuscura ouj acapiap mMyamuiudu. YriepoaHusHr 4
BAJICHTJIM DKAHJIUTHHHU KYpcaTAu Ba OCH3OJHHHT ITUKIUK (OPMYIaCHHU TAKIH(
ATAU

Kupxro¢ (Kirchhof) I'yctae Pobept (1824 — 1887) — nHemuc kumérapu. P. byHsen
OWJIaH XaMKOPJIHMK/A CIIEKTpasl aHAIM3 yCYyJIUTa acoc COJIH, Ie3uil Ba pyOuIuitHHA
kamd stau. Hypmanwm KoHyHWHM acociiad Oepau Ba aOCOMIOT Kopa KHCM
TYIIYHYaCUHU KUPUTAH
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Knampor (Klaproth) Maptun ['enpux (1743 — 1817) — Hemuc kumérapu. AHOPTaHUK
KMME Ba MUHEpAJIOTHs OWJIaH MIYFyJUTAaHAW. Y paH, IUPKOHUM, TUTAH Ba LEPUITHU
Kamig Tau

Knaccen (Classen) Anekcanzap (1843 — 1934) — HeMuc aHATUTHK-KUMErapu

Knese (Cleve) Ilep Teomop (1840 — 1905) — mBen kumérapu Ba reojiord, YT1cajb
YHUBEpPCUTE-TUHUHT TIpodeccopu. Tynuii Ba rolbMuifHA Kaid 3TAu, IJaTHHA Ba
aMMUAKHUHT KOMIUIEKC OupukManapunu ypranau. C. AppeHHyc Hazapusicura
KapIy YAKIU

Konprrod (Kolthhoff) Mcaak (1894 — ) — aMepUKaIuK KUMErap-aHAJINTHK.
KongykromeTpuk Ba MOTEHIMOMETPUK THUTpJIALI, HHIMKATOpIAp HAa3apusCH,
XaKMUN aHanu3 Oyinya Oup Ka-Top HIUIap Myauiudu

Kpykc (Crookes) Yunbsam (1832 — 1919) — unrim3 ¢usuku Ba kxuMérapu, JIoHI0H
KUPOJUIMK >KAaMUSTHHUHT ab30CH Ba YHUHT Mpe3ufeHTH. [a3zmapparu snektp
paspsiap Ba KaToJ HypJaapuHU TaAKUK ATAU. CUMHTWUISIUSA XOAUCACUHU OYJIH,
CIUHTApPUCKONHU sipatau. Tammuiiau Kauid s1tau

Kyn (Kuhn) Puxapza (1900 — 1967) — Hemuc Kumérapu Ba GHOKMMErapu. Y CHUMIINK
NUTMEHTJIapu (KapOTHHOWJIAp) Ba BUTaAMUHJIAp KUMEcu OyinMua (yHIaMeHTamn
Tagkukotiaap myamutudu. Hodens MmykodoTH COBpUHI0pU

Keenpnane (Kjeldahl) Horann I'ycra (1849 — 1900) — nanwsutuk Kumérap.
Ksenbnans MeTonu 1e6 HOMJIAaHTaH a30THU aHUKJIAIl YCYJIUHU UIUTA0 YUKIU

JlaByasbe (Lavoisier) Antyan Jlopan (1743 — 1794) — @panmy3 kumérapw,
3aMOHaBMIl KMMEHMHI acocuwiapujiad OMpH. EHMII kapaHu, MeTallapHU
KyHaupuil Ba Hadac OJIMIIIA KUCIO-POAHUHT aXaMUATHHH aHUKIA0, (IorucToH
HazapusICUHU paa dTau. KumEBuit OMpUKMamapHUHT palydoOHATl HOMEHKIIA-
TypacuHH uNUIA0 yukau. Tepmokuméra acoc conau. Mamxyp «Kumé
TApCIUTH»HAHT MyaJuTadu

Jlambeptr (Lambert) HWoramn Tenpux (1728 — 1777) — HeEMHC OJIUMH,
(GOTOMETPUSIHUHT acocumiapujad Oupu. Anredpa, TPUTOHOMETPHSTA OUJI
acapiyap myauindu, komeranap opouracu Ba KOMHOT Ty3WIHIIIMHYA TaIKUK dTIU

JleBenryk (Leeuwenhook) Awntonu Ban (1632 — 1729) — roNIaHIUSIIHAK
TaOMATIIYHOC, WIMHM MUKPOCKONMUSHUHT acocumnapuman Oupu. 300 mapra
KaTTaJalITUPYBYM  JIMH3QJIAPHU  spaTavd, OupuHYM MapTa OaxTepwusuiap,
SPUTPOIUTIIAP BA YIAPHUHT KAMUJUISIpIApAard XapakaTHHU Ky3aT/]

JIuoux (Liebig) FOcrtyc (1803 — 1873) — Hemuc KuMErapw, arpOKMMEHUHT
acocuwnapugan Oupu. bup Karop opraHuk OUpPUKMaTapHU CUHTE3Jagu Ba
M30MEpHSHN Kauip >Tau. Pajukamiap Ha3apuACHHH SPATAW. Y CHUMIIMKIAPHUHT
MUHEpaJ O3WKJIAHHWIIM XaMja OVDKFUIN Ba YMPUITHUHT KUMEBHHA HazapwsUIapu
Myannupu

Jlopun Tosuii Eroposuu (1757 — 1804) — pyc xumérapu Ba (apmaleBTH. Erou
KYMHUpHUJA 3pUTaH MOJJAIAPHUHT aJCOpOUUsIIaHAIUHN Kamid >Tau. bupunun
MapTa MY3JIeK CHpKa KHCIIOTa Ba Oomika OupukManapau oygud. CoupT Ba CyB
apaNalIMACHHUHI CONMIITAPMA OFUPIIMKIAPHHM AHUKIAZH. YTa TYHHHTaH
SpUTMANIAp TYITYHYACUHHA KUPUTIIN
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Jlokbep (Lockyer) JKozedp Hopmam (1836 — 1920) — wWHMIIM3 acTPOHOMH.
ACTPOCTIEKTPOCKOMUSHUHT acocumnapuaan oupu. Ky€m cnexrpnapuau yprasuu,
HOMABJIyM 3JIEMEHTIa TETHIILIN YU3UKJIapHH Karmid 3THO, yHU Tenuii 1e0 HoMIaau

JlomoHocoB Muxaun BacuinbeBnu (1711 — 1865) — pyc omumu. Tabuwmii danmap,
Tapux, METAI-Typrus, IIehpUAT Ba OoOmKa coxamapaa (aolusaT KypcaTau.
[lerepoypr ®A HUHT OUpPUHYM aKaJAEeMUKHU. YHUHT Tanoupu Ouinan Mocksa
YHUBEPCUTETH 0apmio STWIIN. ATOM-MOJIEKYJISP TAhIUMOT aCOCUHMCH Ba Maccasap
CaKJIaHUI KOHYHHHHUHT Kamduérancn. @u3nk KUME MONHASBOPUTA aCOC COJIA

JIprouc (Lewis) Yubsam (1708 — 1781) — uHrm3 KuMErapu

Maprrpad (Marggraf) Anapeac Curmsmynn (1709 — 1782) — Hemmc kumérapm.
Muxkpockon €paamuaa Ty3iap Ba MUHepaiap TapkuOuHu Tagkuk 3T1au. lllakap
KPUCTAJIAPUHU OJIUILTA SPHUILTU

Maptun (Martin) Apuep Xou Iloprep (1910 — ) — uHrM3 OMOKUMErapm Ba
¢uskumérapu. Takcumianuim xpomarorpadusicu: kKorozna (P. Cunr Ownan
XaMKOpJIHMKAa) Ba ra3-cyrokmuk (H. XKeliMc OunaH XaMKOpJHMKAA) YCyJUIapUHU
unuiad ynkau. Ho6ens mykodotu coBpungopu (P. Cunr ounan 6upranukaa) 100

Mapm (Marsh) XKeiime (1794 — 1846) — uHrMI3 KUMErapH, MHUIIbIKHU aHHKJIAII
YCYJIMHH HUIUTA0 YUKIN

Mapmiamn (Marshall) ®penepux XKozed (1920 — ) — amepukanuk kumérap. C-14
yIIepoau OWJIaH HUIIOHJIAHTaH IOPUBOP MOJIaap OJUII YCYIMHH UIUTA0 THKINA

MuTtuepiux (Muuepaux) (Mitsherlich) Dnexapn (1794 — 1863) — Hemuc kumérapu.
N3omopdusm Ba aumMopdu3M X0aucalapuHy Kamd 3Tau

Moube (Monnier) JIronsur (1879 — ) — HeMHC aHATUTHK-KUMETApU

Mop (Mohr) Kapn ®punpux (1806 — 1879) — Hemuc kumérapu. AHaTU3HUHT OUp
KAaTop yCYJUIAPUHU UIUIA0 YUKW, aHAIUTHUK UIUIap Y4yH Oup HeuTa acO00iapHu
SpaTau

Hepnct (Nernst) Banstep (1864 — 1941) — Hemuc ¢uskumérapu, 3aMOHaBUEA (HU3HK
KUMEHUHT acocuwiapuaad Oupu. TepMOIWHAMUKAHUHT YYUHYH KOHYHUHHU
acocnab 6epau (HepHcT TeopeMacu), TEpPMOMETHHUT XOucanapaH OUpUHU Karid
st (HepHer — OrTrunrexaysex agpdextu). IpuTManap Ha3apucH, dJIEKTPOKUME,
KMHETHKA Ba KaTtaiusra ouja acapiap myan-nudu. Hobenb mykodoTu coBpuHIOpH

Heccnep (Nessler) HOmuyc (1827 — 1905) — nemuc arpokumérapu. bup katop
AHAIATUK YCyJUIapHW wWnutad 4ukau. Hecciiep peakTwBu 10 HOMIIAHYBYH
pEarcHTHH OJIIN

OcrtBanpy (Ostwald) Bunerensm @punpuk (1853 — 1932) — Hemuc dpuzkumerapu Ba
daitnacydu. DIEeKTpOaUTIAp SpUTMATIApU Ha3apusiCh, KUMEBUM KUHETHKA Ba
Katanusra ouja (yHmameHTan acapiap myamnudu. dancaduit yHanUIUIApIAH
OMpH — «IHEPTUTH3M»HUHT acocurcu. Hobens MmykodoT coBpuHAOPH

IManer (Paneth) ®punpux Anonsd (1887 — 1958) — nemuc kumérapu. Meteoputiiap
TAQAKAKOTYNCH, YJIapAard Teluid MUKIOPUHU aHWKJAIl YCYJUIAPWHH HIILIa0
yukau. Qasuc — [Taner KongacuHUHT MyamudIapuaan oupu

[Mapanensc (Paracelsus) (1493 — 1514) — mudokop Ba TaOMATIIYHOC, ITPOKUMEHHUHT
acocuuiiapuiaH oupu
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[Mperns  (Pregl) ®punm (1869 — 1930) — aBcrpusiuk kumérap. OpraHuk
OMpUKMaNapHUHT MHKIOPHA MHKpOaHATW3 ycyiaura acoc coiau. Hobens
MYKO(OTH COBPpUHAOPH

[Tynrop (Pungor) Dpue (1923 — ) — BEHTPHSUIMK KUMErap. AHaJIM3HHHT
MHCTPYMEHTAJ YCyJUTapy Ba MOH-CEJICKTHB MEMOpaHaK JIEKTPOIapra Ou Oup
KaTop HWIuiap Myaumdu; OCHUUIOMETPUK, (HOTOMETpHK, NoJsporpaduk Ba
MOTEHIIMOMETPUK aHAIM3HUHT SHTU yCYII-TTAPUHA UIIUIA0 YUKIN

[padd (Pfaff) Kpuctnan I'enpux (1773 — 1852) — memuc ¢usukum Ba KHUMErapw.
Nkku TOMIIM « AHATHUTHK KUME TAaPCIUTH»HUHT MyaJLTU(pH

[Mheddep (Pfeffer) Bummbremsm (1845 — 1920) — nHemwmc ¢usnomorn. Ocmoc
XOUcalIapy Ba YIAPHUHT YCHUMIIUKIIAp (QU3HOIOTHACHIArH aXaMUSATHHH YPraHIu

Payns (Raoult) ®pancya Mapu (1830 — 1901) — dpanmy3 ¢usukn Ba KUMETApH.
DpuTtManap-HUHT GU3UK-KUMEBUIN XOCCaTapUHU TAAKWK 3TIW, YHUHT HOMU OWJIaH
aTayiaiuraH KOHYH-JIapHU Kanig 3Tau

Puxtep (Richter) Hepemuss Benmamun (1762 — 1807) — Hemuc Kumérapwu.
OKBUBAJICHTIAp KOHY-HUHU Kalll( 3TN, «CTEXUOMETPHUS» TYITYHUaCUHU KUPUTIIN

Pose (Rose) I'enpu (1795 — 1864) — nemuc kumérapu. Cudat aHATM3UHUHT BOJIOPO]T
CynbpUAIN YCYIMHU Ba MHUKIOPUN aHAJIM3HUHT OUp KAaTOp YCYJUIAPUHU UIILIA0
YUKW, HHIOOUWHM Kamid 3Tau

Poze (Rose) I'ycraB (1798 — 1873) — HeMuc MHUHEpaJOTH Ba KpUCTaLIOrpadwu.
MuHepaTapHUHT KPUCTATIOKUMEBHN KITACCU(PUKAUSICHHN TAKIA( TN

Pocko (Roscoe) I'enpu Dubwmnbn (1833 — 1915) — mnrmms kumérapu. P. ByHsen
Owran Oupra (porokuMé KoHyHJIapuaaH OupuHu Kamd >1am (Pocko — ByH3en
KOyHyHH). Banaauitnu kamd >tau

Pynare (Runge) ®pumm6 ®depaunann (1795 — 1867) — memuc kumérapu. Koros
XpoMaTorpadUusCHHUHT aCOCUUCH XMCOOIaHAIH

Paneii (Rayleigh) (1842 — 1919) — unrun3 ¢usuku, JIOHTOH KUPOJUIMK JKaMUSTHHUHT
ab30CH Ba YHHUHT TMpe3uJieHTd. HypHUHT MOJEeKyssp TapKalull, aKyCTHKa,
TeOpaHUIll Ha3zapusUIapuHUHT Myamnudu. Y. Pamzait OunmaH XaMKOpJIHMKIA
aprounu kamd >tau. Hobens mykodotu coBpuHAOpU

CabazBapu (Szabadvary) depeHir — BEHIPUSIIMK KUME TapUXH MyTaXaCCUCH

Cépencen (Serensen) Cépen Ilerep Jlaypui (1868 — 1939) — nanusiiuk puskumerap
Ba Ouokumérap. AMUHOKHCIOTaJap CHUHTE3UHUHI YMYMHMH YCylId Ba
aMUHJIapJard a30THU MHUKIOPUN aHUKJIAIl YCYJIMHM HIIA0 YUKAH;, BOJIOPOL
kypcaTtkuy (pH) TylyH4acuHU KUPUTAN

Cunr (Synge) Puuapna Jlopenc Munuarton (1914 — ) — MHTHI3 OMOKMMErapH.
Takcumiianum xpomarorpagusicu ycynuHu unuimad yukau (A. Maptun Ounan
oupramukaa). Okcwuiap aHAIMTHK KUMEcUTa ouj acapiap myamnudu. Hobenn
MYKO(GOTH COBPUHIOPU

Tenap (Thenard) JIyu XKak (1777 — 1887) — dpaniy3 kumérapu. Hatpuii, kanuii Ba
XJIOp — D3JIEMEHTJIAp SKAHJIMTHHH HCcOOoTIaan. Bomaopon TEpOKCHUIHHM OJIHIITA
sputau ['eti-Jltoccak Ounan 6upra 60pHU Karid dTau
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Tennant (Tennant) Cmurcon (1761 — 1815) — uarnu3 kumérapu. OcMuid, UpUIUIHHA
Kamd 3Tau, oaMoc — Oy To3a yYIJIepoJ SKaHIUTMHU UCOOTIaAM, OKapTHUPHUII
YCYJIUHU UIUTA0 YUKIU

Typueiicep (Thurneysser) Jleonapa (1530 — 1596) — ankumérap. AY4mMKTOILLIAD Ba
CeNIUTpa OJIMII YCYJIUHU Y3rapTUpPAM; ONTHUHTYTYpPT, Ty3/1ap, CUMOO, CyT
[IaKapuHU Tanépliai ycyja-JapyuHu TaBcU(Iaan;, CYBHUHT TaXMUHUM aHAJIU3UHU
YyTKa3au

Yumrtap (Willard) T'o6apa I'epa (1881 — ) — amepukanuk KuMErap-aHaJIATHK

dapajeii (Faraday) Maiiki (1791 — 1867) — uarim3 QU3MKH, SJCKTPOMArHAT MaiI0H
TQBJIMMOTHHUHT ACOCUMCU. DJEKTP TOKUHUHT KUMEBUNA TAhCUPUHU TAIKHUK ITIH,
AJIEKTP Ba MarHeTH3M, MAarHeTH3M Ba EPYFJIMK Opacuiard OOFIMKIAPHH OYJIH.
DNEKTPOMArHAT WHAYKIUSHU Kamid STAU. DJIEKTPOJIN3 KOHYHJIAPUHU YpHATIH.
DIEKTPOMATrHAT TYJIKUHIAP MaBXKYIJIUTHHU OJTUHAAH Oanopat Kuiau

dasuc (Fajans) Kasumup — amepukanuk ¢uskumérap. Paawoxumé, sputmanap
Hazapuscu, aa-copoumsra ouna acapiap myamudu. dasuc — [laner KoumacuHu
YpHATAU

®dumep (Fischer) Omuns 'epman (1881 — 1945) — Hemuc opraHuk-KMMErapu, TaOUHiA
OupuK-mManap KUMECHUHHMHI acocuucd. llypuH XocuianapuHu CHUHTE3NaAu Ba
yIApHUHT TY3WIMIINHA TagkuK dSTau. HomeHkimaTtypanu ¢aHra KHPUTIH,
panuoHa KiacCu(PUKaIMIHA Ty3U Ba KYNTUHA YTIECBOAOPOJIAPHU CUHTE3IA/IH.
Okcumtap kumécura ouj (QyHIaMeHTan TaaKUKOTIapHU YTka3au. Hobens
MYKO(OTH COBPUHIOPH

®omun (Folin) Otro (1867 — 1934) — amepukanuk OMOKHUMErap. DHIOTCH Ba 3K30T'CH
MeTa0o0JIM3M Ha3apUSCHHUHT MyalTudu;,; MOYEBHHA Ba a30THH AHHWKJIAITHUHT
STHTH MUKPO-YCYJUTApUHU aMaJTuETra KUPUTIN

®onrana (Fontana) ®emmue (1720 — 1805) — wranusauk TabuarmiyHoc. [asmap
XKMUHU YIT9ail y9yH Maxcyc anmnapatiapHu KyJUIaan; CyB Ta3uHA Kaid dTau

®paynrogep (Fraunhofer) Mosed (1787 — 1826) — memuc dusukn. JInnszamap,
TUQPPAKIMOH MMaHKapaJlapHu Tarépiam yCyJUTapUHU TaKOMWJUIAIITHPAM. Y HHHT
HOMH OWJIaH aTaJyBUYW CIEKTP YM3UKJIAPUHU Kaiid dTAu

®pesennyc (Fresenius) Kapn Pemurnyc (1818 — 1897) — Hemuic kuMérap-aHaIuTHKH,
Bucbanengarn aHanuTHK 7a00OpPaTOPUSHU TAIIKWII JTIU, OCBOCHUTA aHATUTHK
KkuMEra OaruluIaHTaH OMPWUHYM WIMHN >KypHaira acoc coimu. KatuonmapHu
AHATMTHK TYpyXJjapra aXpaTUITHU aMajra OIIApIu

®yxkc (Fuchs) Norann (1774 — 1856) — Hemuc kumérapu Ba MuHepanoru. Harpwii
CUJIMKAT (9pyBYaH mmuiia), PykcuTHHU Kamid STAU; UEMEHT, EOJUTIapHU TaaKUK
ATAM; «aMopdh» Ba «KKOTYBYH CYIOKIUKIIAP» TYITyHYATAPUHUA KHPUTIU

Xaccenp (Hassel) Onn (1897 — 1981) — wHopBerwsuiuk Kumérap, KohopMalioH
aHajau3 acoc-umyiapujan oupu. PentreHorpadus Ba ayekTpoHorpadus ycyiuiapu
EplaMuia IMUKIIOTEKCaH Ba YHUHT XOCHIIAJapy TY3WIUIITUHU TaAKUK dTau. Hobenn
MYKO(hOTH COBPUHIOPH

Xesemu (Hevesy) Jpepas (I'eopr) (1885 — 1966) — BeHrpusiuK paguoKuMErap.
KuméBuii Ba OWOKMMEBUU kapaHNapHU YpraHuimiga OWUpPHHYA MapTa
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M30TOIIApHU Kyinaau. XamkacOnapu Omnan Oupranukiaa rahHuiHN Kamd Tau.
Ho6ens mykodotu coBpunmopu
Xemnen (Hempel) Banbrep (1851 — 1916) — Hemuc KumMErap-aHaIUTHKH

Ler Muxann CeménoBuu (1872 — 1919) — pyc ¢usumonorn Ba OOTaHHKH,
XpoMaTorpa@UussHUHT acocuucd. Smmin OapriapHUHT MHUTMEHTIIApUTA  OUJI
TaJAKUKOT UIIUTAPUHU YTKA3IH

Lleitze (Zeise) Bunbsim Xpuctodep (1789 — 1847) — nemuc dapmanestu. OpraHuk
oucynpdummap onwml ycyJUlapuaaH OWUPHHHM WIIIA0 YWKIHW, MEpKalnTaHJIapHU
Kamid >Tau

Yyraes JleB Anekcanaposud (1873 — 1922) — pyc xumérapu, KOMIUIEKC OMpUKMaIap
KUMEcH Oyiinya WiIMui MakTad acocurcH. HUKenpHM aHMKNAIl y4yH peareéHTHU
kamg >tau (UyraeB peakTuBH). YTIEBOAOPOAJIAD CHHTE3MHUHT YCYIMHH HIILTA0
gukau (YyraeB peakmusicu). Tepnennap kumécura ouj acapiaap Myamtadu

Ilcene (Scheele) Kapn Bwierensm (1742 — 1786) — mBen kumérapu. Kynruna
AHOPraHWK Ba OPraHUK MOJIajap, J>KymjaaaH XJop, Kaluid T[epMaHraHar,
TJUICPUH, [THAHKU] KUCIIOTa, OMp KaTOp OPraHUK KUCJIOTAJapHU OJIMIITa SPHUIIIH.
XaBOHUHT MypaKkKa0 TapKUOMHU UCOOTIA/IH.

[llen6aiin (Schonbein) Xpuctuan @puapux (1799 — 1868) — Hemuc kuMérapw.
O30HHM Kani} TIU, TUPOKCUIHMHHN CUHTE3Ja !

[Itaynunarep (Staudinger) I'epman (1881 — 1965) — Hemuc kumérapu, OKOpH
MOJIEKYJIAp OMpUK-Mallap KUMECUHUHT acocumiapujan oupu. [lonmumepnap karra
MOJICKyJIajap/iad TapKkuO TOMUIIMHU UCOOTIaau. « MakpoMOJIeKyJiay araMacuHu
(aHra KUPWUTIAM, TONUMEp TY3WIHIIM Ha3apusICHMHU wunuiad uukau. Kynruxa
TaOMMl Ba CHUHTETUK MOJUMEpPJIAapHU TaAKUK d31au. Hobenbp MykodoTn
COBPHHIOpHU

IOur (Young) Tomac (1773 — 1829) — wmHIIM3 OonMMH. EPYFIMKHUHT TYIKUH
HazapuscuHu acocinad Oepau. HWurepdepeHius npuHIUOUHUA UbOIATAIH,
ra3jJapHUHT aKKOMOJAIUSICUHU TYIIYHTUPAH, MOJAYJIUHU KUPUTIU
(FOHr monynu). AKycTrKa, aCTpPOHOMHMSITA OUJT acapiap Myauudu

Aunep (Jander) I'epxapa (1862 — 1961) — nHemuc kumérapu. CyBcH3 SpUTYBUKIIAP
TaAKUKOTYHCH
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