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III-A CURUH ELEMENTLARI

1 2 13 14 15 16 17 18
H (H) | He
L1  Be Bl C | N|O|F |Ne
Na Mg All S1 | P | S | Cl|Ar
K | Ca (Ga| Ge| As | Se | Br | Kr
Rb | Sr | d-block | In|Sn | Sb|Te| I |Xe
Cs | Ba Tl | Pvb| Bi | Po| At | Rn
Fr | Ra

B — 6op, Al — antomuHnK, Ga — rannui, In — nHguin, Tl — Tannui
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e LEMENTLARNING XOSSALARI

B Al Ga In Tl
AT. Homep o 13 31 49 81
3n. KoHd.  2s22p! 3s23p'  3d'%4s24p’ 4d'05s25pT  4f145d106s26p!
Pagwuyc (nm) 85 126 141 166 171
|, (3B) 8.30 5.97 6.00 579 6.11
|, (3B) 25.15 18.83 20.51 18.87 20.43
1, (3B) 37.93 28.45 30.71 28.03 29.83
A, (3B) 0.28 0.44 0.30 0.30 —
y 2.04 1.61 1.81 1.78 2.04
y AR 2.01 1.47 1.82 1.49 1.44

C.O. 0,3 0,3 0,(1),3 0,1,3 0,1,(3)



ELEMENTLARNING XOSSALARI

B Al Ga In Tl
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ELEMENTLARNING XOSSALARI

B Al Ga In Tl

ol 2.04 1.61 1.81 1.78 2.04
y AR 2.01 1.47 1.82 1.49 1.44

AR
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Oddiy moddalarning xossalari

Tl

T.nn. (°C) 2092 660 30 157 303
T.kun. (°C) 3660 2519 2204 2073 1473
A H% g0 560 330 286 243 182
K[>K/MOnnb

E(M**/M), B -0.89 -1.68 -0.565 -0.34 +0.72
E(M'*/M), B -0.8 -0.18 -0.34
d, r/’cm® 2.35 2.70 5.90 7.31 11.85

Al — Zich mis tipidagi kubsimon panjara, k.s. = 14
Ga — murakkab struktura d(Ga-Ga) = 247 nMm [+270+274+279 (x2)]
In — tetragonal panjara, temir strukrurasining buzilishi, k.s.=12

T| — magniy tiridagi geksogonal panjara, k.s.=12



Oddiy moddalarning xossalari
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Al,Ga,In, Tl ning kimyoviy xossalari

1. Bce meTanmbl pacTBOPUMBI B KUCNOTaX-HEOKUCIUTENSAX
2Al + 6HCI = 2AICI, + 3H, Al
2In + 3H,S0O, = In,(SO,), + 3H, In3*
2Tl + 2CH,COOH = 2TICH,COO +H, TI™
2. Tonbko Al naccusupyetca KoHUeHTpupoBaHHoW HNO,
3. Al, Ga, In pacTBOpPUMbI B LLenoYyax
2Ga + 2KOH + 10H,0 = 2K[Ga(OH),(H,0)] + 3H,
4. Tonbko Al pearupyet ¢ Boaou
2Al + 6H,0 = 2AI(OH), + 3H,
5. PearnpyroT ¢ HemeTannamu
4Al + 30, = 2A1,0, AHY,5g = -1676 K[K/MONb
2TI+S =TI,S 2Tl + 3Cl, = 2TICl,



|
BORNING XOSSALARI

1. 13 guruhdagi yagona metallmas

2. Juda yuqori suyuglanish (2573 oc) gaynash (3660 °C)
haroratlariga ega

3. d =2.35 g/sm3—qora, kristall bor

d = 1.73 g/sm3—jigar rang, amorf bor

4. Kristall bor juda gattiq (9.5 Moos shkalasi bo ‘yicha)
5. Kristall bor —yarim o‘tkazgich, Eg= 1.55 eV

6. Borning ikkita turg‘un izotopi mavjud 105 1B

0.8 +1n="4%He+7Li
Neytronlarni sekinlashishi

7. Bor —gaytaruvchi, E(HEBDEJ"'B) =-0.87B



el
Borning strukturasi

Borning kristall tuzilishi
asosida Bi» ikosaedr

d(B-B) = 173 pm
By, ikosaedrda

d(B-B) = 202 pm
B,, iikosaedrlararo



el
Borning kimyoviy xossalar

1. Bor kimyoviy inert. Suv, kislota va ishqorlar bilan normal
sharoitda ta’sirlashmaydi.

2. Qizdirilganda metallmaslar bilan ta’sirlashadi:

4B + 30, = 2B,0O, 700 °C
2B + 3Cl, = 2BCl, 800 °C
2B + N, = 2BN 900 °C

3. T>1000 oC haroratda ko‘pgina metallar va oksidlar bilan

ta’sirlashadi 2B + Al = AlB,
10B + 2P,0O. = P, + 5B,0,

2B + 3H,0 = 3H, + B,O,

4. Oksidlovchi — kislotalarda va ishqoriy suyuglanmalarda
oksidlanadi:

B + 3HNO, (koHU) = H.BO, + 3NO, ~100 °C
2B + KCIO, + 2KOH = 2KBO, + KCI + H,O



il
Borning olinisii

Bor oksid minerallar ko‘rinishida uchraydi : bura, kernit,
gidrObortSit NaB,O;-10H,0O
Na.B,O,-4H,O
MgCaB O, ,-6H, O

1. Amorf borning olinishi
1) MgCaB,0,,-6H,0 + 4HCI + H,0 = 6H,BO, + CaCl, + MgCl,
2H,BO,—»B,0, + 3H,0
B,O, + 3Mg = 3MgO + 2B
2) Na,B,0, + 3Mg = 2NaBO, + 3MgO + 28
2. Kristall borning olinishi

2BBr, + 3H, = 6HBr + 2B



EEEEEE———————
Diboran

1. BH;1da beqaror. Oddiy borgidrid — B,H;
MgB, + 2Mg + 6HCI = 3MgCl, + B,H;

2BF, + 6NaH = 6NaF+ B,H;
2. Gidroliz, B,0, oksidlanishi
B,H; + 6H,0 = 2H,BO, + 6H,

B,H, + 30, = 2H,BO,
3. B,O, tuzilishi

B-H B-H-B
Ja’mi 12e—: elektron - defetsit
4 bog' 2 bog' e e s

birikmalar

2c-2e 3c-2e
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Diboranni xossalari

H,B-CO
F'y
(HBNH), 0 LiBH,
6opason i, P\
J
o %ﬁg}
BQHE
V.
@) &
X\ O 9
B,H:Cl + H, O NaBH, +
T




Tetragidroboratlar

Olinishi : B:He + 2LiH = 2Li[BH,]

Na[BH,] suvda eriydi, Li[BH.- gidrolizga uchraydi ‘
Li[BH,] + 2H,0 = 4H, + LiBO,

BH,-
Qaytaruvchilik xossasi
Li[BH,] + 21, = Bl, + Lil + 2H,
Li[BH,] + GeCl, = GeH, + BCl, + LiCl
4Li[BH,] + 9H,0 = Li,B,0, + 16H, + 2LiOH

Boshqa gidroboratlar

Na[B,H;], K[BgH, 4], K[B;1H,4]




Borgidrid catcorlar

B, H 2~ aHWOHHbIN pag
BgHg”", BioHi™, -

Knoso- BgHg2-

4 HenpegenbHbld pag LWToka
B,Hg, BcH,, ...
Hupo-B:H,

B.H. . NpeaenbHbiv pag LToka
ByHqp, BsHyy, -

¢ ApaxHo-B,H,,

Shriver & Atkins Inorganie Chemistry, Fourth Edition

Krnoso-knacrtep
26e — 6x(B-H)
7 COIlT n+1

Hugo-knacrtep
24e- — 5x(B-H)
7 COIlT n+2

ApaxHo-KnacTtep
22e- — 4x(B-H)
7 COIlT n+3

2 2006 by D.F. Shriver, PW. Atkins, T.L.Overtan, J. B Rourke, M. T. Weller, and F. A Armstrong



EEEEEE———————
Boridlar

1. Ko‘pchilik metallardan xosil bo‘ladi

2. d-metallarning boridlari giyin eriydigan, ko‘pincha stexiometrik
bo‘lmagan, gaynash harorati : 1.nn. (ZrB) = 2996 °C

3. Yuqori haroratda to‘g‘ridan - to‘g‘ri olish mumkin

4,  Kristall tuzilishiga ko ‘ra 2 xil bo ‘ladi:
- B atomlarini metall strukturasiga kirishi bilan xosil bo‘ladigan;
- Tarkibida B klasterlarini saglagan.




T.nn., °C
T.kun., °C

AfHOg5 (I)
KIbk/Mornb

AfGOyg8 (I)
KLIDK/MOnb

d(B-X), nm

Bor galogenidlar

BF,
-128
-100
-1104

-1112

130

BCl,
-107
13
-407

-339

174

BX,

[1Tnockaa monekyna

BBr,

-46
90

-208

-232

188

ZH-B-H = 120°

Bl,
50
210

+21

210



Bor galogenidlar

BF, BCl, BBr, Bl,
T.nN., °C -128 -107 -46 50
T.kun., °C -100 13 90 210
AdHg (1) -1104 -407 -208 -38
Kk/Mmonb
AG%gg (I) -1112 -339 -232 +21

200
-400.
-600-
-800-
-1000.
12001

BF, BCl, BBr, BI,




il
Bor galogeniadlart

BF, BCl, BBr, Bl,
d(B-X),nMm 130 174 188 210

2.2, d(B-X), A
2.0-
1.8-
1.6-
1.4
1.2-

BF, BCl, BBr, Bl
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Bor galogenialart

1. Olinishi
B,O, + 3CaF, + 3H,S0, = 2BF,T + 3CasSO, + 3H,0

B,O, + 3C + 3Cl, = 2BCI,T + CO

BF, + AIBr; = BBr; + AlF|

3Na[BH,] + 81, = 2Bl + 2Nal + 4H, + 4H]
2. Gidrolizi

BCI, + 3H,0 = H,B0, + 3HC
4BF, + 3H,0 = H,BO, + 3HBF,

3. Lyuis asoslari bilan reaktsiyasi

BF, (ra3) + NH, (ra3) = F,B-NH, (T8B) NH,BH,

TpudTopbopasaH



Bor galogenialart

4. TeTpadpTopobopHaa kucrnota HBF, BF,~

CylLecTBYyeT TOMbKO B pacTBope
cunbHasa kucnota pKa = -0.2 ®

Conun — TeTpadTopobopaThl.
YCTOWYMBbI, XOPOLLO pacTBOPUMbI, HE TMAPONU3YHOTCSH

5. Opyrue ranoreHngbl bopa
B,F,, B,Cl,, B,Br,, B,l,, B,Cl, — BCce nerko gucnponopunoHnpyT

7 B,Cl,, Dy, 8 B,Cl,, D,y

— 8 e g ) A S A e Ly e e
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Borning kisloredli birikmalart

1. Bor oksidi B,O, T.nN. 577 °C, 1.kun. 1860 °C
AGq5 = -1193.7 k[x/MoOnb

Borat kislota angidridi, amorf xolatga oson o‘tadi (shisha)

B,O, + 3H,0 = 2H,BO,

2. Ortaborat kislota H,BO,
Qattiq oqg modda, suvda eriydi (~15% normal sharoitda)

H,BO, + H,0 = H* + [B(OH),| pKa=92
3. Tetraborat kislota H,B,O,
Qattiq oqg modda suvda yaxshi eriydigan 2 negizli kislota

pKa, =4.1; pKa, = 5.1
To‘liq almashingan tuzlar xosil giladi

H,BO,—Y + HBO,— Y+ H,B,0—» B,O,



el
Borning kisloredli birikmalar

4. Boratlar (eritmada faqat tetraboratlar)
4H,BO, + 2NaOH = Na,B,0,

Na,B,0, + 7H,0 = 4H,BO, + 2NaOH  gidroliz
Na,B,0, + 2HCI + 5H,0 = 4H,BO,! + 2NaCl

t:]
3Na,CO, (T8) + 2H,BO, (T8) —» 2Na,BO, + 3H,0 + 3CO,

Na,B,O, + CoO——» Co(BO,), + 2NaBO,
2B,0, + 2Na,0, —»4NaBO, + O,

5. Borat kislota efirlari § /A /L
B(OCH,),

Alangani yashil rangga bo‘yaydi

H,SO,

H,BO, + 3CH,OH » B(OCH,), + H,0



Borat = anionlar

KY.=3 sp? d(B-O) = 136 nm

BO,> Na,BO,

B,O;* Mg,B,0; B,O,> NaBO,

K4Y.=4 sp? -
d(B-O) = 148 nm K4.=3,4
sp?, sp?
B,O5(OH),*

Na,[B,05(OH),]-8H,0

B(OH),-  H,BO
Seks ok (Na,B,0,-10H,0)



Borning azot bilan birikmalart

Bor nitridi

a-BN | Grafit strukturasi B-BN Olmos strukturasi

i W
Jo—iE g 1350 °C
K ‘;o:i’ a-BN =—= B-BN
u_BN e B_BN
B,0O; (k) + 2NH, () 1200 ChZ&-BN + 3H,0

4F,B-NH, (18) 400 °C , BN + 3NH,BF,

2B + 2NH,— " » 2B-BN + 3H,



il
Borning azot bilan birikmalar

3B,Hg + 6NH; = 2B;N;Hg + 12H, Bopaszon

B.N,H, + 3HCI = B,N,H,Cl,

ApomMmaTUYHOCTb | AHanor
TpUXnopLUnKrorekcaHa

H,B—NH, H,B=NH, HB=NH
OopasaH OopaseH OopasunH
sp? sp? sp

L

YBenundeHume aHeprmm ceasm B—N
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Oddiy moddalarning xossalar

Al Ga In Tl

T.nn. (°C) 2092 660 30 157 303
T.kun. (°C) 3660 2519 2204 2073 1473
JAV o O 560 330 286 243 182
K[>/ Monb

E(M**/M), B -0.89 -1.68 -0.55 -0.34 +0.72
E(M*/M), B -0.8 -0.18 -0.34
d, rlcm3 2.35 2.70 5.90 7.31 11.85

Al — NNoTHeNwWwasa Kydbuyeckasa pelleTka Tuna meaun, K.4.=14
Ga — cnoxHaga cTpyktypa, d(Ga-Ga) = 247 nm [+270+274+279 (x2)]
In — TeTparoHanbHasa pelleTka, UCKaXKeHWe CTPYKTYpbI Kenesa, K.Y.=12

Tl — rekcaroHanbHaa CTpPyKTypa Tuna Mardna, K.4.=12
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Odaily moaddalarning xossalar
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Odaily moddalarning xossalar

B Al
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KamMmeo TapkoK MeTaslyiap MUHEPaJA Ba pyJajdiapH

X KaMméb Tapkok sjeMeHTIapra UHAUY, TajJInd, TAJUINW, TepMaHUl, CeJseH,
TeJUIyp, PEHUU 3JIEMEHTIapU KUPAAU

X Tau ep IYCTJIOFUHHHI 2-1073, HHANN 2,5-1075, Ta/LHd 1-1074
dousuHU TamKWI 3Tajgu. JIeKUH yJapHUHT Oupop Oup MuUHepaIu
MaBXKYJl 9MAC, Ky/1a TAPKOK BJIEMEHT.

X By sneMeHTsIap TaOuat/a rajjiut, JOPAHAUT Ba aBUIIEHUT MUHEpAJIapu
X0uZla aJlQMUHUW, PyX, KYPFOIIMH pyJajapyd TapKubujaa XKyza o3
MUKJIOpAa OVaaau. L'a/UTMPHIHT siroHa MuHepaid 2aaum CuGa H{}éﬂa
kaMm yupaingu. Jlopamdum ,TIAsS,, xpyxe3um (Cu,Ag,T1)_Se,
IIYHUHIZEK, 1056 U1 Y36ekucToHa TONWITaH AaBUIEHHUT
311,0,-2Fe, 0, (79,52% Ta,0,;) TaUMWHUHT MHUHEpaJIapu

xnco6ﬁaHa/:m.

X TannuuHuHr MaBxyanuruau 1871 unaga A .M.MenpaesaeeB Oamopar
aTraH 37u. YHu 1875 numiama ¢paniys oaumu Jlekok ae-byadoapoH
cod x0J14a a’KpaTrub OJIraH.

X WNuaaun OupuHuu Mapra 1863 uMwiaga HeMmuc onumiaapu Panx Ba
Puxrep pyx pyAanapu TapkuOWJaH akpaTub OJiraH; YHUHT CHEKTPUa
MHAUTO (HWI) paHrura yxmam KyK YHW3HuK OyJIraHu YYyH UHJIUU 71eb
atanrad. Uaaum OupukMaiapu METajll cyabuiapza KylmimM4ya X0/
ydpaiy Ba Iy MeTaJUIapHU aXKpaTHO OJIUIIA KOJITaH YUKUHAWIapUaH
WUFUJIAIN.

X Tannun sneMeHTUHU OupuHuu 6yn1u6 1861 Mmaga Kpyke cyabdar
KHC/IO0TA UILIA0 YMKAapaJurad 3aBOJJIapAaru KyprOUIMH KaMmepajapuzia
TYIUIAHTaH KyHKAHH CIIEKTP aHAJIN3 KWJIUIII ;KapaeHU A TONTaH.

X AJla"HraHW KyWyjard pasriapra Oyauzu: rajiui — OuHaduia, UHAAN -
XABOPAHT, TAJIJINU SIITHUJI PAHT



v Y v Ga 1522522p63s23p©3d1°4s24p!
o In 1822522p€3523p©3d1°4524p®4d*°5525p’

‘/ +81Ta 1522522p©3523p63d1°4524pb4dio4fi45s25p°
5d°6s26p!

Ge 1s22522p©3s23p°®3d1°4s24p?

54 S€ 1822522p°3523p°3d'°4524p*

“ Te 18228221)63s23p63d1°4s24p64d1°5s25p4
Vo Re 1s22522p63523p63d1°4s24p64d105s2 5p° 5d56s2

v Tawmii, WHAMA Ba TAUIMAJIAPHUHT OKCHJJIAHUII
Jlapakacu +3 ra TeHrT, gakaT TaUIMi +1 OKCHZJIaHHUII
JapaskacuHM XaM HaMOEH Kuaaau. ATOM Macca OpTraH
capu THUAPOKCUAJAPUHHUHI AaCOCJAHK XOCCACH XaM
OPTa/H.

v' Tabuatma ra/wmudHAHT %9Ga, 7'Ga, MHAUUHUHT 13In,
15In, TauHUHT 2°3Ta, 2°5Ta kabu n3otoriapu 6op.

+32



l'asuuii - KyMyIIpaHT OKUIIL, SJITHPOK, IOMIIOK MeTasu1. CuMoO/aH Talmkapu Oolika 6apya MeTrasiapra
HucbaTaH HacT 3pull xapoparura (30,10C) ara, KaHaI xapopaTtu 3ca 2300°C.

KumeéBuii xoccayiapy aTlOMAHUITA Ky 1 VXA,
layumnii aylroMuHUMTa yX11ab amgoTep xoccara 3ra OyJITaH/INTH YIyH KHUCI0Ta Ba UIKOPJIapa SpUHIN:

2Ga + 6HCl = 2GaCl, + 3H,

2Ga + 2NaOH + 6H,0 = 2Na[3Ga(OH) JJ+3H,
Kusnupuiranga Kucjaopos,0JTUHIYTYPT, Moz, OUjIaH, ofaTaaru maponT/:Ika XJI0p Ba OpoM OUJIaH peakIuAra
KnpnmanH.UBo% pon OutaH Tabcupiiaimmaiiau. CyBHE napuasiamanau. ['autmiauar Ga't3 noHiapu
Oapkapop 0y1r0, paHrcus.
Oxcuasapu: 'aumitHuHr 2 ta okenau Ga, 0 Ba Ga, 0, maBxyz. Ga,O Kyprup panriu 6y1u0, cyabdar
KHCJI0Ta OWJIaH peaknuAra KUpUIagd. Y KyHH/Iary yCyJia OJTuHAIU
Ga,0; + 4Ga = 3Ga,0
Ga, O og }()}aHer CyBJla spuMaiauran Mojiia. [ayuiinii KU3AUupuIrai/ia KUCJIopo/i OMIaH peakIiusara
Kupmfm a,0, HU XOCUJI KUJIaJIH:
4Ga + 30, = 2Ga,0,
Ga,0, Ku3MpWIraHza KUca0Ta Ba UIIKOPJIap/ia 9PUIIL XOCCACHHU UYKOTa/IH.
Ga,0, sy1eKTp TOKHU/1a BOJIOPO/] TAbCUPH/IA TAJ/INK MeTalurada Kairapuiaau. by sxapaén 2 6okuuzia 6Gopaau:
Ga,0, + 2H, = Ga,0 + 2H,0

=2 2
Tammuit runpokens Ga(OH), ou-Kyspasr Tyciau am@orep xoccara ara 0ysiras amopd MojAa. Y4 BaJeHTIN
/TN Ty3JAPUTA UIIKOP TabCHp STTHPUO OJIMHA/H:

Ga(OH), + 3HCI = GaCl, +3H,0
Ga(OH), + NaOH = NaGaO, + H,0
IJIEKTP TOKU TAhCUPHUIA TAJIMITA XJIOP TABCUP STTUPUO KM META/IHU XJIOPU/L KHUCIOTA[a SPUTHO OJIHII

MYMKHH:
2Ga + 3Cl, = 2GaCl,
2Ga + 6HCl = 2GaCl, + 3H,
Tasymuii xy10puy cyBAa sIXIIY SPUIIHA HATHKACUA KATTA UCCUKJ/INK DHEPTUACH aXKpainb IUKaIu:
GaCl, + 3H,0 = Ga(OH), + 3HCI +Q

Tannuii ropua, 6poMuz Ba HOAUAIAD CyB/a BA CyIOJITUPUJITAH KACIOTalIapAa KUMUH 3pUMIUTaH PAaHICU3
KpucTa/ul MOjanapaup. Xoccanapu owian GaCl, ra yxmainy.

Tayumnii cynbpdar Ga,(SO ‘&/)IiICYBJII/I SPUTMAJIAPHUA KYPUTHII HATHKACKH/1A 18 MOJIEKyJla CyBHU CakjlaraH XoJa

OK, PAHTJIM IOMILOK, IJIACTUHKACUMOH KPUCTAIIaHA/IM, CyB/Ia AXIIN 9PUHIH, Kusaupuiaranga SO, Xoch1
Kb napyananagy. bysnapaan tamkapu Ga(NO,),-8H,0, NH,Ga(S0,),-12H,0 Tapkubau
KPUCTALIOTHAPAT OUPUKMAaIapyu MaBXKYy/I.



WHauK OKUIll KyMYIIPAHT, SJITHPOK, IOMIIOK, IIACT
Xapoparja cyroxJjJaHagurad Mmetayul. Oaiuy IIapoOWTAA
15059105071 KHUCJIOPO/L TAbCUPUAA  SIITHUPOKJIUTUHU
ysrapTupMauzii, KU3AUPUITaH7a IONKa Map/a XOCHI
KO oxcujytanaau. MHIMN CYIOKIaHUII XapopaTuiaH
IOKOpH/IA KyAa Te3 OKcuamaHanau. WHAuW XJI0pun
KUCJI0Tada SXIIH, CyJIb(aT KHCIOTaZa CEKUH 3SPUUU.
Winkopiap 6uTaH peaknusara KUpuIiIManim.

Nuutab  4YuKapuil — YMKWHIWIApH,  OaryuKjiapw,

OJIMIIIAa XoMamIe cudaTuaa nILIaTuAagu.

In,(SO,), + 3Zn = 2In + 3ZnSO
Kumesuu Xoccaﬂapn OuaH Ta/UIMMra yxIimauau.
CylokjJlaHuII XapopaTHJaH IOKOPU xapopaTtra kajap
kusaupuiarasaa In,0, au xocun Kunanu. Xaop Ba opom

OwiIaH oJaTaaru maponma Hoj OMIaH KU3IUPpUITaHaa
peaknusra Kupuinuo, InClL,, InBr, Ba Inl, JIAPHU XOCHJI
Kuiaau. MHaui HaMm xaBoz[a Kopposnﬂra yqpauzm




Tasmun T03a X012 OK, SITHPOK, IOMIIOK, 302,50C [a CyroK/IaHa/IuraH
MeTa/ll. XaBOo/la Ky/la Te3 OKCHIJIaHA/IM, YYHKU OUDP BAJIEHTIM TaJUIA
OMpUKMasapy UIIKOPHI MeTaJIADHUHI OMPHUKMasiapura yXImaml acoc
xoccacura sra. Tasmun xyopuzi Ba CcysabhaT KUCIOTalapja €MOH,
CYIOJITUPWITAH HUTPAT KUCJIOTafa siXmu spuiad. Onmuu mapoutaa
rajiorenyiap 6wiad Tyrpugan tyrpu 6upukagu. TIF cyena spuiiay, TICI,
TIBr, TII cyBma €mvonH spuiiau. Kuzgupwiradgga OJTHHTYTYPT TYPYXHU
syieMeHTIapyu  OwiaH_ peakiuusra kupumaau. CylJIaHTUPUITaHza
MUIIbSK Ba cyppMa_ OwiaH Oupukanu. Taumi 60p, KpeMHWUi, asor,
docdop Ba Bogopo 1 OMIaH peakIiusara KUpUIIMauan.

4Tl + O, = 2Ta, 0O
oTIOH = Ta,0 + H,O

2TaCl, + 3H,S = T1,S +6HCH+3S
2TI(NO,), = T1,0, + 6NO, + 30
T1,SO, + 2NaOH + H,0, = T1,0, + Na,SO, + 3H,0
Ta,0, =TL,O + O,
2Ta(OH), = T1,0, + 3H,0

2Tl + 3S = TL,S,
» Tanmuiira cudar peakysa Kyluugaruda:
4K,[Fe(CN)¢] + 6KOH + T1,S0, = 2TI(OH), + 4K,[Fe(CN)4] + K,SO,
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AlyUmingy

Al 13

26,98154




Davrly sistemadagl o’rmi. Oksidllamish
dargjasi. Rlekiromn konfiiguratsiyasi

HOMED 3N1eMeHTa

Alyuminiy — Davriy sistemedagi I11-

guruh asosiy guruhcha elementi. Al (13|
Alyuminiy - uchinci davr elementi,
atom raqami 13 , atom massasi 26,98154 3523P1
26,98154 ANFOMUHUM
Al ) ) ) 22821 Tash.qi elek’.tron. gavati
as e konfiguratsiyasi 3s23p1

Oksidlanish darajasi + 3,
deyarli uchramaydi+ 1 va
+ 2 (gazzsimon muhitda

faqat 800 °C dan yuqori)



%l}f“mi“i}? - kumushrang oq wvaltiroq engil, plastik.elektrni va issiglikni
vaxshi o’tkazadigan. kuchsiz paramagnit xossasiza ega bo’lzan amfoter
metall. Suvda., kontsentrlangan nitrat kislotada va kahyv dixromat erntmasida
bargaror oksid parda xosil bo'lishi sababh passivlanadi; amalgamasi suv
bilan reaksivaga |kirishadi. reaksivom gobilivatli, kuchh gavtaruvchi
Amfoterlik xossasini namoyvon gqiladi, suyultirilcan kislotalar va ishgorlar
bilan reaksivaga kirishadi

Mr(AD =26,982; d=2,702; tumyug =00037°C: tgaymash = 23007°C;

3
Al Kukun holidagi abuminiv havodagizdirilcanda
Atom nomeri 13 oksidlanadi va AL O; hosil bo’ladi:
Elkonfiguratsiva 23p’
 (3B) S.97 U amfoter xossaga ega bo’lzani uchun kislotalar
.. (2B 18.83
2 (35) ishgorlar bilan reaksivaga kirishadi.
., (3B) 28.45
A, (aB) 0.44 2Al1 + 6HCI = 2AIC1a:+ 3H;7T
i 1.61
. 2Al +6NaOH = 2Na:AlO: + 3H27
Y 1.47
2 0.3 2A1 + SNaOH + 6H20 = 2Na:[AOH)s]+3H: T
[m]




Alyvuminiy to’g’ridan-to’g’ri vodorod bilan
birikmayvdi. Uning vodorodni birikmalari bilvosita usul
bilanhosil qilinadi: |

LiH ko’progmiqgdordaolinsa, u AICI; bilan reaksivaga kirishib

litiy alyumogidrid hosil giladi.

3LI[AIH ]+ AICl;=4AIH;+ 3LiCl

AlH; -alyuminiv gidrid termik beqaror birikma, ishqoriy metall

gidridlari bilan kompleks birikmalar hosil qiladi.

NaH + AlH; = Na[AlH,]

2NaH + Na[AIH,] = Nas[AlH]

3BH;+ AlH; = Al[BH;];



TABIATDA TARQALISHI

Alyuminiyni eng muhim minerali— 6okcur,
Umumiy formulasi Al,O, *nH,O va AlI(OH),*nH,0O
bo’lgan birikmalar
Quyidagi birikmalar ham alyuminiyga boy:
Korund, glinozyom Al203
Kaolin Al,0,*2Si0,*2H,0
alunit(Na,K)2S04*Al12(S04)3*4A1(OH)3
nefelin (Na,K)20*Al203*2S102




XUMHUUYECKUe CBOMCTBA

Jlerko pearupyer c
IIPOCTHIMHU BeIlleCTBAMU:

c kuciopozov )  4Al+ 30, — 2Al1,04
¢ ranorenavy ) 2A| + 3Hal, — 2AIHal;(Hal = CI, Br, 1)
copropon ) 2Al + 3F, — 2AIF;
¢ cepoit mmmm)  2A| + 35 — AlLS,

¢ BoAou (mocsie yaaaeHus
3aIUTHON OKCUIHOU

UICHKH ) 2A| + 6H,0 — 2A1(OH); + 3H,

co menouavy mmmmmp 2A| + 6NaOH — 2NazAlO; + 3H,

BOCCTaHaBJIUBaeT MeTal1 | SA | + 3F5304 — 4A|2{33 + OFe
b1 113 11 Okcuommmm—p | 2A| + Cry03 — Al,O3 + 2Cr




Alyuminiy (IIT) galogenidlarining suyuqlanish harorati va birikmadagi

kKoordinatsiya soni

" AF, ACl, " ABr, Al,

- 1290°C 193°C 98°C 190°C -

| 6 6 4 4 |
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Masalan:

AlL,Cl,




Alvuminiv_oksid  Al,O; Korund, giltuproq. Oq. giyvin suyuglanuvchan,

termik barqgaror. Cho’g’lantirilgan holatda kimyoviy passiv; suv, suyultirilgan

kislotalar va ishqorlar bilan reaktsiyaga kirishmaydi. Amfoterlik xossasini

namoyon etadi; gizdirilganda kontsentrlangan kislotalar, kontsentrlangan

ishqorlar bilan raktsiyaga kirishadi.

M; (ALO)=101,96; d=3.97; ‘tayg =2053.°C:  toamas>.3000 °C,

Al, O; murakkab oksidlar xosil giladi: #A:0s = xrizoberill,
MgALO, —

shpinel.




Alyuminiy qizdirilganda azot bilan birikib AIN alvuminiv_nitrid,

oltingugwt bilan birikib Al;S; alvumniniv_sulfid, uglerod bilan

birikib Al;Cy alvuminiv karbid hosil giladi. Alyuminiyning deyarli

barcha tuzlari kristallogidratlardir. Shuning uchun tarkibiga bir
nechta suv molekulalarini biriktirib oladi.

Alyuminiyning bu birikmalari ko’pgina tuzlar bilan go’shaloq tuz
achchiqg tosh hosil giladi. Alyuminiyning snoatda eng ko’p ishlatiladigan

birikmalari Al,O; va Al(OH); dir.




|
A

1. Alyuminiy oksidi va gidroksidi
tl]

2AI0(0OH) = y-AlLO, + H,0O 400 °C d=3.5 ricm®
0-ALO, + H,S0, = a-ALO, + KOH =

0-AIO(OH) giaspor  0-Al(OH),  gidrogillit
-AIO(OH) hyomit  Y-AOH);  gibbsit

2. Amfoterlik
2AICI, + 3Na,CO, + 3H,0 = 2Al(OH), + 3CO, + 6NaCl
AICI, + 3NH, + 3H,0 = Al(OH), + 3NH,ClI
2AI(OH), + 3H,S0, = Al,(SO,), + 6H,0
Al(OH), + 3KOH + 2H,0 = K[AI(OH),(H,0),]
y-ALO, + 2KOH + 7H,0 = 2K[AI(OH),(H,0),]



K(H,0)s




Ga - TALHH

KVKHMTHD TYCTH KYMVIICHMOH-OK, OCOH CVIOKTAHVBYaH, KV/a FOMIIOK, ILTACTHK
MeTall. KarTHK Ba cyiok xonga Ga, MoTeKyIatapHIaH, ra3 Xonza aromap Ga JaH
TapkHO TomraH. CORVE CVBIA MAcCHBIaHaIH (0apKapop OKCHI apa XOCHT 0VIamH)
Ky41H KaHTapyeyH; HCCHK CVB, KVYIH KHCIOTAalap, HIIKOpPIap, aMMHAK THIPATH,
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KyMyIICHMOH-0K, V/1a IOMILIOK, ITACTHK, OCOH CVIOKTaHyBYaH MeTanl. Ham xasoaa
yarapmatgd. CyB, HIIKOpIap, aMMHAK THApaTH OHIaH peaklHAra KHPHIIMAaHIH.
KaHTapyeyH, KHCIOTANTap, KHCIOpOJ, OOINKa MeTalnMacuap OHTaH OKCHATaHa[IH.

Mr=114,82; d=730; fooe=156.634°C; tom=2024 °C.

ERRENY



TAJLTHI

T

204,383

6s%6p*

Tl - TALTHH

KyMyIICHMOH-0K MeTa/L, ILTACTHE, V12 FOMIIOK, OCOH CYIOKTaHyB4aH. XaB01a OKCH]I
napa OH1aH KoIUTaHa[H. KOMIaKT KYpHHHITHAA CYB, XTOPH KHCIOTA, HINKOpIap,
aMMHAK THIpatH OHTaH peakiHira KHpHmMaHIH. CyTbdar Ba HHTPAT KHCIOTalap.,



]
Ga, In, Tl - olinishi va go’llanilishi

Ga, In, Tl cBOUX 3HAYMMbIX MUHEPANOB HE UMET
Ga, In — 13 oTxogos npounssoacTea Al unu Zn
Tl — conyTcTBYET CBUHUY B CyNbUOHBIX pyaax

Ga, In, Tl nony4yarT 3NeKTPoNM3OM BOAHbIX pacTBOPOB COMNEW,
OUMLLLAKT NepennaBkov B MHEPTHOW aTMocdepe

Ga, In NpUMeHatoT:

1. B KayecTBe XMOKOW 3BTEKTUKU UM B COCTaBe
rnerkonnaekKknx cnnasoB

2. B nonynpoBogHukoBoun TexHuke B Buge GaN, GaP,
GaAs, InP, InAs

Tl NMPaKTU4ECKN HE NMPUMEHAETCA BBUNLAY BbICOKOW TOKCUYHOCTU



Al,Ga,ln va Tining vodorod bilan birikmalari

1. lNonyJveHune
Et,O
4LiH + AICI, —2= Li[AIH,] + 3LiCl
2Li[AIH,] + H,SO, = 2AlIH, + 2H, + Li,SO, nonumep

2. 'vgpwvabl In, TI HeycTOW4YMBDI

NH,AIH,

A4

LI[AI(NH,),] < A, Li[AIH,] e » LI[AIH(CH=CH,),]

7%

LI[AIH(OR),




Al,Ga,In va Tlning trigalogenidlar

AlF,

T.nn. 1290°C
KJY. =6

GaF,

T.NN. 1015°C
KYM. =06

InF,

T.NNn. 1170°C
KJ. =6

TIF,

T.nn. 550°C
KY. =6

AICI,

T.nn. 193°C
KY. =6

GaCl,

T.nn. 78°C
KJ. =4

InCl,

T.pasn. 586°C
K4Y. =06

TICI,

T.pas3n. 153°C
KM. =6

AlBr,

T.nn. 98°C
KYy. =4

GaBr,

T.NnN. 122°C
KJY. =4

InBr,
T.pasn. 420°C

KY. =06

TIBr,

KY. =6

All,

T.nn. 190°C
Ky =4

Gal,

T.nn. 215°C
Kd. =4

Inl,

T.pasn. 207°C
K4y. =4

Tll,

TI(15)



1. Bce MX; (kpome TICI;, TIBr;, Tll;) cuHTE3NPYIOT NpAMbIM
B3auMoeNCcTBMEM UNK ranioreHnpoBaHeM OKCUAOB

2In + 3Cl, = 2InCl, 400 °C
Al,O, + 3C + 3Cl, = 2AICI, + 3CO 600 °C
2. [NonyueHwne TICI;, TIBr,, Tll,
TICI + 2NOCI = TICI, + 2NO
TINO, + |, + HI = TI(l;) + HNO,
3. Bce MX; (kpome MF;) pacTBopuMbl B MONMAPHbBIX pacTBOPUTENAX
4. MX; He rugponusytoTca Haueno, obpasytoT rugpathl, KOMNIEKChI
AICI, + 6H,0 = AICI,-6H,0 < [Al(H,O).]** + 3CI-

K,[INCly] = 3K* + [InClJ* [\

0
AlCl, + CF 1 F, Alcl,- THE



5. Komnnekcel Ga, In, Tl pasnararoTca Npun HarpesaHU
(NH4)3InFEt—-InN + 2NH,; + 6HF
tﬂ-
(NH,),GaF, —— GaF,; + 3NH,F

(NH,),InCl,— »(NH,),InCl. + NH,CI

6. TIX; — cUNbHbIE OKUCNUTENN
2TICl; + 3Na,S = TI,S + 25 + 6NaCl
TICI; + 2FeCl, = 2FeCl, + TICI

7. TIX,; nerko pasnararTca Npyv HarpeesaHUK
TICI; = TICI + ClI, 163 °C
2TIBr, = Tl,Br, + Br, ~40 °C



Ga, In, Tining quyi galogenidlari

1. MaBecTHbl Bce MX (kpome GaF, InF)

2. GaX, InX gncnponopuMoHMUpYOT NpPW HarpeesaHuM

3. Tonbko TIF xopoLwo pacTBOpUM B BOAE

t[:

3Gal——Gal,; + 2Ga

4. TIX, Inl He rMgponNM3yrTCA
3InCl + H,O = 2In + In(OH)CI, + HCI

[Inl;] B INl
5. N1aBecTHbl M, X, = M'[M'"X,]
TIF TICI TIBr Tl
T.m1. 322 9C T.171. 430 0C T.1. 460 0C pasi. TB.
T.kHI. 826 °C T.kHn. 720 9C T.kHn. 815 0C —
ctp. NacCl cTp. CsCl cTp. CsCl cTp. CsCl




R ———
Al, Ga, In, Tl oksidlari

LiBeT Oenbii Oenbii XKenTbli KOPUYHEBBIN
T.nn., °C 2045 1795 1900 716 (p)
K.u. 6 6 6 6
AGO,qq -1570 -996 -837 -318
K[>X/MoInb

1. Al,O,, Ga,0, nveroT 2 Mmogudgukaymm
2. In,O, nMeeT COBCTBEHHbIN CTPYKTYPHbLIV TUM

3. TI,O, pa3naraetca npu HarpeeaHnK

T1,0, —»T1,0 + O,

4. Al,O, obpa3syeT cnoxHble oKcuabi:
BeAl,O, — xpu3obepunn, MgAl,O, — wnuHenb




—
Al,Ga,ln va Tl oksidlar

1. OKcuabl U TMAPOKCUAbl antoMUHUS

tl:]

1-Al,Oy———— a-Al,O4 a-Al,O, — kopyHA, d=4.0 r/cwm?
2AI0(0OH) = v-Al,O, + H,0 400 °C d=3.5 r/lcm?

o-AlO(OH) gunacnop  «-Al(OH), rugpornnnuT
v-AlO(OH) BEmMmuUT y-Al(OH),; rmbocut

2. AM)OTEPHOCTb
2AICI, + 3Na,CO, + 3H,0 = 2AI(OH), + 3CO, + 6NaCl
AICI, + 3NH, + 3H,0 = AI(OH),; + 3NH,CI
2AI(OH), + 3H,S0O, = Al,(SO,), + 6H,0
Al(OH), + 3KOH + 2H,0 = K[AI(OH),(H,0),]
y-Al,O, + 2KOH + 7H,0O = 2K[AI(OH),(H,0),]



3. 'ngpokcnabl Ga aHanorn4vHbl NO CTPOEHUKO U CBOUCTBaM
rmgpokcugam Al

Ga(OH)4: pKa, = 6.8 pKb, = 6.9
naeanbHaa amqOTEPHOCTb

4. In(OH), — bonee cunbHoe ocHoBaHKe, Yem Al(OH),, Ga(OH),
2GaCl, + 3Na,S + 6H,0 = 2Ga(OH),) + 6NaCl + 3H,S
2InCl, + 3Na,S = In,S,{ + 6NaCl

5. TI(OH), KpailHe HeycToN4nB
2TI(NO,); + 6KOH = TI,0, + 6KNO, + 3H,0

6. Tonbko Tl,O5 — CUNBbHBIW OKUCNNTEND
TL,0, + 6HCI = 2TICK + 2Cl, + 3H,0

7. CoegnHeHusa TI(Ill) — cunbHbIE OKUCNUTENM B pacTBope
TI(NO,), + K,SO,; + H,O = TINO, + K,SO, + 2HNO,



Ry,
TI(1) birfkmalar

1. Okcung m rmgpokeng TI(l) ycTon4umebl

T1,04 LTIED + O, YepHbin, T.nn. 300 °C
T,0+ H,0O = 2TIOH YKEenTbIN

TI,SO, + Ba(OH), = 2TIOH + BaSO,+
2. TIOH — cunebHoe ocHoBaHMe

TIOH + CO, = TIHCO,

TIOH + HI = Tl + H,O

TINO, + Na,S = TL,S{ + NaNO,

3. TI(l) He obpasyeT YCTONYNBbIX KOMMIIEKCOB TP
TICI + NH;-H,0O =
4. TI(l) okncnaeTcs B LLeNo4vHon cpene
2TINO, + 6KOH + 2Cl, = TI,O, + 4KCI| + 2KNO, + 3H,0
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As

Sb
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