p-F'lV'ITJF dvd
THE p-BLOCK ELEMENTS

ELE

T Weheh oh 31T o oIS 3I—

p— ATk o A<l oh THEA i =
gt s oo X weh;

THE 13 T 14 o Tl ok wifasw &
THMEE TON i Yl hi S
F Gl

ST e HTe o THTd HATBN hi
i,

hTel- o 3TIEY| hi SRSl hY Tohl;

A, HEA e fafasE & &®e
Tewqut AfiTehi o W I T Gehl;
e 13 q1 14 & T TE 3Tk
ARt o Hewqul STAMT 1 Gelog
T F |

Weheh 11

11085CH11

TEAT a7l @ AR i€ # d- qgT f- g & THIT I
FHIUT p-aclich o aval o Ut 7 F97ar 3987 TaraT &l &y
FTt g1

p-ATh o deel W SAfqH Seleiq dEiad p-hesh H Tal L 2l
SIH BH A &, p-shemehl i HEA o9 Bidl 81 37d: p-sheiehl & THh
e § AfeRad ©: soige GaIfEd B Hehd €1 uRondd: efed
aroft § p-=oAth & 13 9 18 d% ©: THE €| AR, e, AIg2eH,
fferdie, T qen difeam e wmEl & it ¥ dferm o
rfafier gehT WA I3l SAFRIH faA ns2np'-* €, il
T TRl forare & Safie shie 9= 81 Gehal 81 g8 T
Tk ifder O (SR—THIEE TS STl e, SE e
) o WU-T THEAS O -l Ff At gurtad w2
ROMHA: p-sciish o aal o T B sfus fa=rar uRafaa gt
B p-=iih oh ek vd NI S S ol SAfeehas SAardnor
STIATAT Uk TATSI Seiaed (A s— T p-Sclaeid 1 AT) hi
T o GHM et 1 Taed: 3Ted ARo H IE 3R ded W gefed
SR SFaETd Fedt Sl §1 THoh SIfafen qurh{ud WHE
SR STALAT F Y- p-sclich oh acd 3T SRR
ey ot <eia ¥, S W (WY SeNds e e g
TR W < TR A Bl 8| p-sciish oh awdl g <3S S el
Hewarqul Aferefiehtor arereerati sl GRoft 11.1 § wifan T €1 &),
FHEA qAl AESeH GRAR | galeh dwal o Tl Tg STl
Teen SAferhad Tt B ¥ WHe SRRl STaeen W < 3ehTE
FHH SRR ST Tk T8 | o Tl o ol shideh &9
T wrEl e S @) UuE eIl el W I SHEE HH
SifFEeRTuT 3Taeen St Ui ol 3Tfshd 0 YHIE (inert pair effect)
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RO 11.1 p-=l% & q<al H1 GHA TARIEH G99 @ AT e

g 13 14 15 16 17 18
g
ENERIRED ns’np' nsnp? nsnp® nsnp* nsnp® nsnp
o (He® fa 17
g I
g B C N o) F He
e
e
TR +3 +4 +5 +6 7 +8
e
I
atferdtenTor +1 +2,-4 +3-3 +4,+2,-2 | +5,+3, +1,-1 +6, +4, +2
SR

el ST 7| T I SRR ST (e SR
STIEAT T TR SRV 31X F T HhTE HH) o
e Tfae TqeaRr aftEfid gid €, foert samen
ITIH I T I S

Tg T FEeR T TR ot Ud Suung eted
RO & Hae p-ectih § B &1 WE H 9 S R
terfedrer 01 KA BT ST 71 STEd H s p-sciich
o O H Hd oM qF Haitdeh G Ui
Bl 21 3renfeares @ enfearen TON A 39 YR qRedA T
<l o A o fafayar @ 21 7 giads 39 T
¥ wefud wge W AR s 2

= G1qetl i gorl Hotugen &l 3=
e 3TeFe Tt qen 3=+ faga FomcHehaT il 2|
q: erget o faudi S S W eAEE 9N
T FUMEA ST §1 STeafersh T og o Teafesh
Tieh THIG G 1 Af7Teh THI=IA: TR Ui i
BT 8, Tk Tt T HomcHehatett H fuh SR
I 2, I8 TE SR STuge % w@E % WeA S T
FUTCHAT H Sgd S 3 el 81 e § enferh
o1 9 9REd i $eh g AT T SEIES T Hhid
o YR R GHAET ST Gehdl | ek 3tfaze
ST Tl ITAF B ¥, Sk i sees
G Yhfd o Bid 2l

p-=cileh | Yeeh HHE h1 TEel WEE A HEHl
T < HROT A T 31 370 Teell SHROT ST B R
T THY RO o Fft 707§, S AR R 797 | T
3Td: s—sali%h oh Boleh dwd Y™ U8 adiferam &t
oifd p-sciieh o ff Ta Toteh e FI=ar Ief¥
E1ohael p-seiish o ddl TR W a0 Hewqut =T,
T el (A e oh ST o deel) o HAS T
T dherehl 1 Sufeerfa B, St fgdter stmad dek oh deal
" 7€ e 71 p-=tieh | fgdar emmad o o, S SR
Y YR B ©, 1 ATUehan Haisihdl 9R) (T 25 ql
@ 2p FHerhl 1 STAN Fd L) qh HfHa et 2l
ook fouid p-Uqe o qaig oTad o awa (fSHe
TR foame 35°3pn Bl ©) | o 3d etk
IUfterd Bid €, S 3p el 4.5 Foll-%R o HET Bid & &
d-heIh] 1 ITART hid gL A STEd oF qed STq1
TSt w1 =R § SAfeh g Wehd €| SH—T81 S
Fad [BF,]” @A sl €, 9 tqHiftam
[ALF, | 3T 31 1 37 d-hefehi a1 Sufeerfd e
i (Heavier Elements)av‘l'{:l'l'q:l ED| ar§ 3T JohX
T e Lt 81 SR T d-heTshi shi STCTSHAT ol
T 91 37 q<all i 1 9 I i &HdT i G
HTA | TE T FIH T 3T ok T T T o
e (IJAMA—-C=C, C=C, N=N) TF 31 W T
o Tl (IFE/OMA—C=0, C=N, C=N, N=0) & HqI
pr- prEESE S w1 &l | 3T Tl €1 e aed
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ff ¢ &Y o €, Wq T d-heh (dn —pr I
dr —dn) Gfwferd gid €1 9f d-FHerehl &1 el
p-FeThl T Selt G e et ], o1a: fgdta ofea &
Tl o pr—pr S T GAT H d-heehi 1 T |
AT FH BT 2, BTl THI SeRTeRTuT STereer arel
TH T oh! Tl | 7o awall ohl STHGHANSIR H&
Afereh B Tohell 21 SSTERONE — +5 SRR STareen o
P 1 N T ATl BOH NO; (n—9¢ o Wil i
ITEHdsH H Hifad & g AEesH o Uh p-
®eTdh i) dUqT POS (s, p T d HeThl i
n-d4 o gftnfad #d gU) s €)1 39 The | 'H
3Tad 9RO oF §HE 13 A1 14 oF qwdl oh T1EH
ST |

11.1 9% 13 % a9 : 91 IRaR

ol W 39 HE o oY g8 T FeiE i g1 SR
(B) UF W1 #eTq €, TTHIRM (Al) &1 €, Tg

e fagm

THeh 3 THER [UEH SR o HHH ©, Sefh
o™ (Ga), Sfem (In), Sfermm (T1) den Freifem
ToreH! | @ quid: g §)

IR T A9 d B U8 qeAa: Sneieiie
= (H,BO,), A= (Na,B,0,-10H,0) T2 e
(Na,B,0,-4H,0) & &9 ¥ W< &1 €1 BN 39
ARG A (SERE) A W g (TSeerH) o
firerar 1 9-9ddl (Earth Crust) ® R w1 age
0.0001% (9RIcHF) ¥ ft %7 7| SR & < e
Y 198 (19%) T B (81%) fierd €1 TqgHifom =i
rgetl o waifush sgeddl € iR g-qddt ® del w1
IEeddl | THHT dE0 M 21§59 0H & AR T8
-4 W SRS (45.5%) a1 fafersd (27.7%)
o TYHT Hell (U 9 ST Tl 98 Te (8.3%) a
2 Ui & Y@ SeEEe (ALO,. 2H,0) T
FEEEE (Na,AlF,) 38R €1 TR 9 § 98 J&r:
T YR, Fleh, IS a1 S H AYF (Mica) F
w9 ¥ foerar @1 Aferaw, sfeam qen Sferem wafa o

HRUM 11.2 HHE 13 @ dvdl o UWHTUGeh Ta siifaes or

R Verifem Trefram gfeam Siferem
T B Al Ga In Tl
LAY Sl 5 13 31 49 81
] $F9H/g mol ! | 10.81 26.98 69.72 114.82 204.38
TR fom=ma [He]2s22p' | [Ne]3s23p' | [Ar]3d°4s24p!| [Kr]4d'°5s25p! | [Xe]4f45d°6526p!
qEATY] 51/ pme (85) 143 135 167 170
CIREIREER)| (27) 53.5 62.0 80.0 88.5
M3+/pmb
CIREIREER)| - - 120 140 150
M*/pm
IR AH, 801 577 579 558 589
Tt AH, | 2427 1816 1979 1820 1971
(kJ mol?) | AH, 3659 2744 2962 2704 2877
EESEERIEIE 2.0 1.5 1.6 1.7 1.8
¥ /g em® 2.35 2.70 5.90 7.31 11.85
298 K™
Tes / K 2453 933 303 430 576
EEREICA 3923 2740 2676 2353 1730
E°/V,M* /M = fau | - -1.66 -0.56 -0.34 +1.26
E°/V,M'/M & fau | - +0.55 -0.79 (s1=) | -0.18 -0.34

-1.39 &R =)

“efifedieh H=a1" 6-3TGEGIIS, © Ui Whet
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p-<leh dw

agd &9 el o foed ?1 freifem ww dvefia
eafoea a2

feifTom 1 Hehd Nh, THIY] T&AT 113, THI]
TEM 286¢ mol 3R sHHT TSI fa=ar
(Rn) 5/ 3d°7<>7p' 1 TH 31e9 AE1 | &1 I
T THS T TR TEEA w1 27 20 FHT 2
THfeTT THERT TWEA A TEl 8 e 21 gl it
F1 BIgH THE 13 o 3T T o WA, difqw
A TErEtTR O w1 faeror fan w2

11.1.1 Toaeiier fa=ma

YYg—13 o Tl I 9 SRS 9= ns?np!
21 1 3T: 3@ YR o dwll oh soigeiTe fard
T T THel o awdl k1 ga A (S THE-10 H

317

11.1.4 Ta=Iq HOTERAT

Te-13 o qw@l o foR[d Homedshdl a1 | W 9
T M W B Al % sedl B1 deqve it gf
B B T TS SRR H erfrafid gfis o s
g 2l

11.1.5 ofifass ToTent

AR Yepfa o atericerh qeel 1 7€ shied T oh1 3Tefeieh
FoR e B $Heh 3R AWEY foerd B fereed
etk ST o 0T S T Teiish TR0 €9 9
I=4 BT 21 39 THE o 31 qd 9 Teish U 5=a
ARl e G 319 2id Bl I8 M 31 A
o & fo Aferm 1 Teri 9gd %9 (303 K) Bl 2l
7d: A o & o I% <9 steen o faerar €1 5T

foafaa fman T ©) eiferes Sifeet e €1 sl
fo=ma o 92t 3IdR 39 99g o awd o 3 TOI qe
T Il o WA &I gAfad S B

11.1.2 axwroy =

e ¥ e 9 W Y& HANG 95 H el
F Th HE el gl I /A B & ogfy
Goqifed B o reNR foee @1 ST gehdl ®1 Ga
1 T B Al WA B W w5 21 Sfiafis
WS o TOSRIE o § UE <@l S Hehdl @
for Aferem o sufter sifafed 10 d TR oQ BT
TR TER I ol H a@ Soddl W gad
UfRe T e § (Twe-3 @) | o e
1 TN 5 (135 pm) SEHIFEE (143 pm) i
o W HA Bl 2

11.1.3 3TEAT TEedt

AP T, ST W Yt W ST i S €,
e ¥ FW 9 e g w9 9 e ved 21 B9 Al
o, SR-gfg o Wy It & €1 AlTH Ga
e Al In 9 TLoh HeA A e i ufer
AR d TS f Tl o R0 8, TS gfweo
99E 9¢ gU AR g w1 afaqfd s o fag
E R

AR T H A A H, < AH, < AH,
, St eTiferd €1 Wedeh el ki 9o diF wrofeuat

1 2 I=4 B 2| T8 Tk TR O o STERH
H uRefaa B

3=d JAAIF (2676 K) I=a Al oF A o faq 39
SUIRT qarel ST 81 FE 13 S el ol S ot o
F9 M W A 9 Sferam q Sl S 2|

11.1.6 TEEeR TOTH
STRATERTUT START U TETaeh ATTfeharsiietar
EIRCIR]
B SRR oh HRU S I G o T Tofewi
1 TN 9gd =4 BT 1 T 39 A fah +3 sz
sl H A § Ushdl ©, dfosh ohad Gy
Aifiter s o fog e ot I ©1 WY 9@ 8W B
Y Al T WA §, q9 Al 1 9 d9 e Tefeqat
F AN IedEAE Y § HE @ 81 39 YHR U8
AP e a1 %1 wmed W €1 Fad § Al TR
= gty qel 2

TRt oft ol o 9 d TF f herehl oF gaa IRIE
e o SHROT, TG g AR ST ns Tl Sl
Sl | SiY T ® (Sorfwa g e ok fog
IR B)| TH YR dYd H TAH] HEHldr i
et ear 81 IRomeeEy |uF | shael p- e
a7 o 81 Fe § Ga, In TS TIH +1 a1 +3 A1
HieReRToT TR ferd it €1 T deell o ferg +1
SATfeRT0T STl o1 Teqf¥reel ST agdl STl 8 Al
<Ga<In<Tl 9fctad | +1 Stferdiertor afereer Tomdt
B, Sfafeh +3 SARIeRT0T el Yepf | S=d Siieriehieh
21 ol Heehl ROl § S7fard +1 SiferdieRor sraen
At AT +3 SRR STae i o o ifer
A B 2
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T q o Trast eteen ¥ ofvpsti H ohEE
WA % ARl R Solaql HI HEeA 6wl T
(ST —BF, H aR) | T Seaiq =7 370 Treh
TerReh fo=Id 9 o o folq U et 9™
TR Hich ogd Tl o WHM TEER Hid |

e ¥ W ¥ 1 91 T THR | ghg o wRO
Y 3T o A SEER T i Jghd HH Bl St
B S EFARIES WerdTges SR U Th Tehish
T g T8 F BCl,.NH, SUdsHdN
ifiTeh S 2

NH,

Cl
N |
B-Cl+NH;,——

B
— \

o ca_ \ a
cl

TH YR AICL, IqvFehd fgetsh SRt Tl @l

SIGIES
A1<

99
2& /Cl
%Wﬁwﬁﬁwﬁrﬁ@w

01°
79°

B €, 7d: 9 Siol-3ruEfed ' S © et -
Tfcaeh TRFANES el STTESH W AJOhcTeh 9 TR
[M(OH), |~ 9T &, /&l M 1 HehT0T 3TN sp? Bieft
2| UHITE FeiNEe eitd Sel-STueed i W
TEFARE P [Al (H,0)J°* & aar 21 59
Ghel 3T | Aloh 3d HeTh 9N od 81 39H Al i
HHUT TN spPd? B

IETETTT 1.1
A /Al T8 TI* /T1 3 foT 7 soeere fava
E° %9Y: -1.66 V T + 1.26 V & faemm &
M>* S T4 1 STTHN ST Td JHI g
o YAfIgd! 0T i For T hiferal

&'

TEl T & T Teete favwe Tad § &
tgHtfem ° A% (aq) 3T AH &1 ygfa

e fagm

aferer Tl ©, Sete T foorm o 9 fad
IR 8, dfcsh Yool AR i B1 3d:
faere o TI* &1 qorn o AP etfres Tl )
+3 A S o RO UeHIm Sfesd i
o | atfuesh et 2

@ g % ufa tiuferarsiierar

et wey o SR sifwariial 81 91g o daeh o
M T UGHIIH & §ag T SHEE hi Iael T=a
I S €, S SR Ak & e U o1g kT Ukl 7
SIfRteeld aRA qe UQHIEm arg oF §9eh | TRA
feT SIM W FHE: B,O, T AL O, IW &l I @
T 3 SEAEISH o | R I W RS a1 B

2E(s)+ 30, (g) ——2E,0, (s)

9E(s)+ N, (g)—>—2EN(s) (E =)

g H A" M W 3eh AfedEe 1 Ui
Rafda Bt St 81 9 TReieuEe Sl wahfd
1 B ® qUl ARk (ifeen) Sfieee W TRl
FTeh Hifcaeh NS Sl €1 UeHifEm qen fifeaw o
fferaTge SWAYHT Yhfa o eid ®, Sefe sfeam qen
Siferom o SfiEe TUedl § R Yhfd & 2 )
() o7 TS gR ok ufa stfufsrarsfierar
SR 3Tl U & o WY IS R TRl e, WY
Uit @fst st e Stefta &l § ¥t S 2|
Wheld: Ui et 7o yefid e €1 UeefEm
T HCl ¥ J[oiht e fenifad & 2l
2Al(s) + 6HCI (aq) — 2AI°* (aq) + 6CI (aqg) + 3H, ()

g AEfgh 377 Al &l Fdg T TS &l
g R 4 fafera T 3@ 21 UeifEm S
ARl W e ek SRS faafsa s €

2Al (s) + 2NaOH(aq) + 6H,0(1)
{
2 Na* [AI(OH) |- (aq) + 3H,(g)
Hifeam JerTegie
e (1) 3TH
(i) B o ula srfufamaryiierar
TII, % BIEH HYE-13 & T gaiod  fohan &tk
TERABE S B

2E(s) + 3 X, (g) = 2EX, (s)

(X=F,ClBr,])
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p-<leh dw

IERIOT 11.2
Fstelta UeHifag FARES i e o =N 3R]
Yo 4H I S &1 THhT HROT T

&'

frsieitar Tqqeifam F@REe agHeca 6 &
1y 3R €9 ¥ A YqeIfed B HCl 19
S < ©1 I8 THgE HCl ¥9d oF o &9
7 f@r <t R

11.2 SNl 9gifa daar 7@

1> CFAES

TE-13 oF Tl o HEe e’ & AT H
W HP WUl qeT UHA A €| 39 HE o |eft
Tl o ZRFNES, FHES TH ARCES HeHasH
Wehfd oF B o ShRUT Sel-3AqEed 8 S ¢l SN
o oAfaled o= |+t qwi ol Iqehohid TS
[M(OH),]- el STehetehid [M(H,0),]** TSt Sfeitd
e o Sufterd wd B

Kiciicd Teheleh (Monomeri) T;'IE%FTIE@ S@ﬁ@”ﬁ
=1 T °F SR JIA e T o HHM FAeR H
¥ 59 &R (SW-NH, °1f%) TF e ™ J8H
F TG TRl & Sheld T T 3Tk Iuf H &

F,B +: NH; ——F,B « NH,

AR W d-shereh STUfted @d € held: SUeh!
Aferhan GASH 4 & Tehdl g1 =ik Al 9o 3
Tl o d He IURd e €, 31d: ! stfushan
TSRl 4 § Sifush € TRl €1 Sifuee 37 g
TR (IIEAME-AIC],) Tgael TeSiH TEI] R
fgwerha 8 W € (ALCL)| 37 &g Afmei § Sqey
2o AUt @ goAFET TVl HL U 7k ol
F B

IETET 11,3
AR BFS- 3T 7 o1 Tohdll 21 U1 AT
i)

&'

AN § e w1 SUfd o HR0 T

319

I OTF HT TAX HE § oEmed g
3d: THh SAfhdd Harstehdl 4 9 3fue T8l
B gkl 2l

11.3 SR &F FB HewdAgol AR

B et
el SEERA &1 9ok TIIEA K1 eHI B9 HaY {
=

11.3.1 &I

7% IR T Hewul AR B T8 Yo e o
€, fS9®T 99 Na,B,0,.10H,0 Bl 8| qearcish &1

¥ T W=k sEEA [B,O, (OH), | &t 2
3T: THHT 3TYH T Na, [B,O, (OH),].8H,0 &l 2|
AN STl § STl &R T & )
Na,B,0 +7H,0 »2NaOH + 4HBO,
SR T
TH fhT S W IR T8l S ok 3] HI
fTRTEA 3T & 9o Tt Sl &1 A TRA fHy SH W
e Th URSYN g9 | uRafad 8 Sar €, S e o
THE T 39 ¥ qfiEfdd e S 21 SH Sied Jeeht
(Borax Bead)%ﬁ %—
Na,B,0..10H,0—>— Na,B,0,—>— 2NaBO,
HifszH HerENE +B,0,
CICORE ESIESS
fafim dermur ot & HeEie &1 fafere 1 g
2, FSTEeh 3R W 37 a<dl 1 YgEH § e TR
TU&T (Borax Bead Test) &1 SYANT JANRIenet |
B 21 SN SR i whieee AaEEe
(CoO) o T F S T TRA Tohall Sl &, 7 el
BT & AT [Co(BO,),] T 2

11.3.2 3MATAHR T

ST 377t H,BO, T ¥ad feheefa 34 i 2,
et g Tt g ?1 A® W A steufaem,
W WH S § gl foem g R s SRed o
el forerm 1 STiihd ieh S S Hehdl 2l

Na,B,0, + 2HCI + 5H,0 — 2NaCl + 4B(OH),

277477

T SR oh AR AR (SH—2eTES, BESES
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3MMR) o SIA-3TTeed g/ (ST a1 Jaa 3Fd |
fore htch) oA ST Hehdl €1 SHRT WA WL
=t €, STET BO, %1 SoTgal B1sgem & 5 I8t Tt
g (fe 11.1)1

7

H B~ .
\Q (lj
||'4 H
0 o)
DL \H\ _H
]
@)
—~O..
~o” \O"'H H\O/ B\O""
H | |
fag 11.1 TRF o7T F1 GaT 7 fagHd @ RS
SEY F1 G FAl

I Tt Tk qod AR 3T B AT WA
o T €, T SRS S ¥ U e I
TEUT T o HRUT Y A 1 HiTd AeR Hidl B

B(OH), + 2HOH — [B(OH) | + H,0*

370 K § 3ify @9 W A fhy 9IH W
Tefieifier oTel Wit e (HBO,) ST @, i
SR Ak TH HW W A S (B,0,) H
wfafda & s ?

H,BO, _A,HBO,_4,B,0,

IS 11.4
difeh 370 1 Teh gl Sl ol /T T R 2

&

difeh 375l 1 Teh gelel 3T SHIT /AT 01 &,
Fifh T8 T Wi 1 e el e 2
TE STl o 3] W BIEGIRe 3EE (OH ) WUl
HTh ST STk YUl Sl © qen H Fewifaa
Hl 2l

e fagm

11.3.3 BTgaRA, BH,
TR T A TATH TS SEARA 21 38 SEUra
ge 1 Suftfd § S ZEHRSAES H1 LiAIH, 9
o H¥eh oA S 2
4BF, + 3 LiAlH, — 2B_H, + 3LiF + 3AIF,
FIRTSIE B SRERA I 2q Sifea™ dIREREgREe
1 SATRAHO SEEN o e fran s 2
2NaBH, + I, — BH, + 2Nal + H,
A &Y W SEART aR)F TERSANEE qe
Hifeaq eEgEe %1 fha gu o=@ s 2l

2BF, + 6NaH —22%_,B H_ + 6NaF

TR T STedell TRH 79 ¢, Foreht Jaerish
180 K B1 7€ a1F o Hueh H 3 R A el 3t
B T SiadieH w1 suftefa § srcafs ol W
IS T Y el 2

B,H,+30, — B,0, + 3H,0;

AH® =-1976 kJ mol ™

SR =9 aRT ff 9 o |9k § T W
T e o 1 SIRA ST o T1eT deft ¥ Sl 3TEfed
TRt ifteh 3l T 2

B,H, (g) + 6H,0() - 2B(OH),(aq) + 6H,(g)

TRAA 9 AR (L) o W fagem sifufewan
™ TF AR AR (BH,.L) @

B,H, + 2 NMe, — 2BH, .NMe,

B,H, + 2 CO — 2BH, . CO

TEART WA @ oAfufes ¥ URY H
B,H,.2NH, a1 2, 5% 93 [BH,(NH,); | [BH,] 5T
TR fean S 21 7% SIR sifek TR % W B,N,H,
<1 21 39 Uik BH TS NH THel o 9ot Tod-GaT
o qRYeT T TehTaf-eh sl (Inorganic Benzene) ED
®9 ST S 2

3B,H,+6NH, — 3[BH, (NH,),]"

[BH,| —H€at ;9B N.H,+12H,

SRARA &t G &t o 11.2 () g
T9iten e 21 TEE fEerel =N eTEglS qLAIT] qe
T | T T € qel | Bid €1 39 a9 oh SW
Jern = 3 IqaY (Bridging) eSS YA B
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p-<leh dw

2| ferel 9IR B - H 914 9w fgahsta-fegaae
(Two Centre-two Electron) ELRCEIn] % SEICT ﬁ
Uqed (B - H - B) 94 o R o g 8, fo=
‘Trehgia fegalaei™ 9o’ ®ed 1 fa 11.2 (@)1

faF 11.2 (%) SEaRT #1 (B,H,) =T

H H H
CABQ‘\‘BE H\ﬁ/H
@‘\&?} v N7 N\
H H H

(=)

forg 11.2 (@) TEARA | d¥F| SEaRT ' T aRiT T/Er]
sp’ GHRa glal 81 579 R sp’ GHRd Hehl § &
W?@ﬁ@%’ﬁé’?ﬂ?\, WWQ@Tﬁ(Dotwd
Lines) §RT 971 741 €1 Riart B - H G
W‘W{ZC—QG) a’%}?, Wﬁ@@aﬁf
(B - H - B) Fbg1a-1g5cia2iq1 (3¢ - 2¢) &1 8@
‘AT’ (Banana Bond) 4T %84 ol

TR, TRSBEANE i Tk @ h1 AT
g, f9gd wqeherl@ [BH,| 3@+ wg@ 71 fafim
el o JTRTEEREERe T €1 Sfuem e witeaw
o EEYESENE h ANIEESES W #8d 1 3%
g TREEES I SHUUEELR &I IuRfd ¥ SEanry §
Ffafsran wTeh SR S Fehal 2

9MH + B_H_ - 2 M* [BH, ]
(M = Li 3197/ Na)

(e HYATOl H I LiBH, de NaBH, 1
SUANT YT o &Y H Bl 81 37 Hifcoeh INEEgEs
ERik:] ‘5{%\' IRfYes Terel (Starting Material) & ®Y
o Sug § @ S 2

11.4 SR, YTHfEm a9 $9h
HfTeRl oF SUINT

I=e e, T S, T SEeTeteRan qen eTcfie

FSR (Refractory) B o RO SR oh 3T STIHAN
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&1 IR qqe (Fibers) &1 STANT Joicy® Sohe sM
o qen agAEl o gotoh @eF il o fwior o giar 21
ARF-10 (1°B) FHEAR H =2H- TR0 i AT
% &THAl eIl 1 374: AR g SEnl o Uifesh aREel
1 IYANT GRIETT Had (Protective Shield) e
ﬁﬂﬁ@@ff (Control Rods) %Wﬁ@?ﬂ%l IR
ae Sifeh 3Tt o1 q&A S SYaNT S= A §g
i (Heat Resistant Glasses), @@—W@'@P&[ (Pyrex),
T qU HIEe T S | Bl €1 ae W
ST Tt o 2T W (Soldering) o feTT TMeTsh
(Flux) o ®9 H; S, e (Strain) de G-
it faedt & sad A ¥ wd stiuesd @i o
2 & &Y H a1 8| e TR o Sefta faera
ST WA TR YR o ®9 @ 2

THifem To1d ¥ad (Silvery White) T &1 T
wehict org ®, fod S=u @ @med (Tensile
Strength) Bl B1 THRT 9 TS SO =eishel 3=
Bl 81 WR W ¥R 3N (Weight to Weight Basis) ®
Tfifem 1 =Terkdl S 9 g e 21 oft
Site qen ST | T 1 Tt IUET g
21 98 Cu. Mn, Mg, Si @1 Zn o ®¥ fHL61
fomfor ear @1 UgHifem qen gHekl fasemgeti i
fafere smpfa (S9-T=w, ga, B8, T, W, <=
a7fx) < < Gehdll B1 SO SHRT STANT SR M
=1, fafor, s, garg Sterst qen e sa §
_E?HT%I %Wﬁwaﬁ%ﬁrﬁﬁﬁ (Toxic Nature)
Bt B1 21a: o] HEl H THIET qe 5ok TRt
1 START HH EH o B

11.5 99E-14 o dxd : hled
IR

e, Tafasa, sHfd, fod, o den weiifaad w98
14 o o< €| FET I-dA § qE e gt
Afqaged (Most Abundant) @ 8| T€ W&fd o
TS e W ST § S | I Sl 81 aw
e ® I8 i, Ithige qen €1 | fier €, St
T ST | I8 YT e, BEgehed a1 arg o
FTe SESATFIES T4 (0.03%) & &9 § fiyerar 21 7
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FHEl S Hehdl & T e HHRX 1 Tl ooel d<d
2, S & Al (SH—STEREe IS, SRS, T,
TR M) I Hleh Siifad Hdehl 9 8T T
AIEZeh T 1 T Sdl 81 ShTeieh @A fame
ST o AR W E UG 81 F8 Sifed g
1 AEYIS Teh | Whfdw &I Y HeA o &
Tt wEEener 12¢ qun 1oC fherd €1 5o stfafte
T I gHEAI 4C ot Sufted ®d 21 98 T
feanifaed gaeentrs 8, fagt sraig 5770 o9 21
WWWWW (Radio Carbon Dat-
ing) ® g 21 fafae g-wddt & sgedar @ amn
SFETe (27.7% YR ¥) fgda a0 21 98 yHfa o
faferer qen fuferehe o &9 o sufterd @ 21 9%
fafas, ffoss, +19 a1 di= =1 qewyul e
21 sfEw erfa gew wen o Sufted & 81 ged:
fe @ (fawee), sno, fei | en e (Pbs)
TS W WS W T Sl @1 weifedd wvelfia

feaufaa a@ 2

e fagm

SHfY qen fafeiea &1 I[EaH STa¥en
ITAN e qe tef=nerh Iferd (Semi Conductor
Device) 99 H BIdl %I

FeRife 1 Ydieh F1 81 SUh1 TCAT] G&2T 114
T AT FATH 289g mol! T Ferarieh for-=ard
[Rn] 5/* 6d° 75> 7p? &1 34 =gd HH WHM § &0
ST ThT | ST TG S5 FH T TUHT WA A
% A TEl 71 TR # SigH] Jel UHE-14 %
I Tl & Hewqul WHEE U sifas or qen
Ik ol T Aroft 11.3 o fiw 7w B %5
e, Hifdeh T THET O w1 e {9 w5t
EIRGRS

11.5.1 ToaEiier fa=ma

TE-14 o Tl H1 WASEHA HIRT SRS fa=ma
nsZnﬁ@m%|wutﬁé€3ﬁa%ﬁﬁiﬁﬁwmﬁ%ﬂ
Aidier e fa=1 g 2

ARU 11.3 WYE 14 o dxal o WHITUEe Ta sitfaes or

T HTE Tafass S fes [
C Si Ge Sn Pb
LAY HHTh 6 14 32 50 82
TH] F&HHE/g mol | 12.01 28.09 72.60 118.71 207.2
3; T [He]2s2p” | [Ne]3s’3p” | [Ar]3d'°4s’4p’ | [Krl4d' °5s’5p” | [Xel4f '5d °6s°6p”
Heqdrse fa1/pm* 77 118 122 140 146
st e MY /pm” - 40 53 69 78
st e M /pm” - - 73 118 119
EIEEE] AH, 1086 786 761 708 715
et/ AH, 2352 1577 1537 1411 1450
kJ mol AH, 4620 3228 3300 2942 3081
AH, 6220 4354 4409 3929 4082
IEESEIRCI N 2.5 1.8 1.8 1.8 1.9
@ /g em” 3.51° 2.34 5.32 7.26' 11.34
RSRICYA 4373 1693 1218 505 600
FaUIR /K — 3550 3123 2896 2024
forpa-faushar 10"-10" 50 50 10° 2x107°
/ohm cm (293 K)

MV s e @ fau: ” 6-SudeEaSeh; S uifer 7w E; €293 K: ¢ ®0 # fau v & vHE 2.22 3

JB-F9 (FW & a9 W TR |
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p-<leh dw

11.5.2 HgEdSTeh ==

weq 4 fafasT = Teganes e § Sooag
gfs o« Bidl 8, St9 Si § Pb o HegdSeh el §
aifyrer gfg Bl B1 d- 9 f shemehi o quigRd §H
% HRO T Bl 2

11.5.3 I T=Eredt
TOE-14 o qwl B YUH AEEH T % AN
TE-13 o Gd el 1 eTver S B B

Tl W it Sfiafieh i geeRAl w1 g Uit
BT T GG T H A WM W AT e
o 21 Si ¥ Ge, Ge ¥ Sn T 3¢9 <A1 T Sn
H Pb T TcUg(g, AT d 1 f Soiaeil o gaal
TRRETUT YA1S TS AT o 5@ SAHN HT RO

11.5.4 Ta=Iq HUTTHSHAT

BN RN o HRUT THE-14 o @l ol foreq FomeHehdl
1 T THE-13 oF T qwall i foe[q RNl oh
A ¥ offel @1 31fush Bl 21 Si ¥ Pb d% el &1
g FOTcHshdl 1 A RIS GHM il 2|

11.5.5 ofifaer ToTendt

Te-14 o el 9 39 | Fe-faferh temg iR
HfEn Suug ®, wEfe foq den W #H ToHis
Al GArEw o €1 99e-14 o adl oh ol Td
FAUAIR THE-13 o el oh Tl Td e &
o H 3tfues g 2

11.5.6 @A IOTH

STMFITRTUT ITEEAT qAT AT Teh AT shaTgierar
EARCI]

TE-14 o el o SRIAH HI9 H IR S [ B 2
3 q<l g 9HId: +4 qAT +2 STaRAen{ul STael
TS St 81 hTa SRUTCHR  STeReRT0T 3fereen ot
T T B1 R Fo| AR STEAA Tiedt S A
3 3=a B ©, 374: +4 SRR terwen | ifuehat
ifiTeh TEHANS Fhq o T €1 39 U o e
Tl H Ge<Sn < Pb %A H +2 ARIRI0T TaTel
T w #5199 Tgdl S 21 gedass wiw o
ns? SFRM o 9¥9 H 91 & oF o SR IE Bl
21 5T 3 i Teenal F1 A TetrE &
o oftafda e 81 wEq qon fafasd gem: +4

323

ATRAIeRTT 3Teen YRR Hid B Sl +4
SRR STareen TRl Bt €, St Fs A o
+9 ATt erEeen ot fert 21 for e S
stereenat H ATk Sa1 7 (+2 SRR sTawen |
o sToerae o &9 A w1 e €)1 +2 Sedw
e H oI ok Ak e e €, Sl ST +4
ST Yol STk B =g FarST STareen | 319 &
SHERT Y] T 3713 SR B © [SEEne- (CCL)]!
Serae AUl 319] BF o U1 AT Seide e
I AR TSl 1 3Tden 39 TEl 1 Sl 2l
TN FEA AT FeHAShdl +4 1 TR0 T
FR Hehdl B, Tq TUE ok 31T a7 UHI HLd &1 T S
el W d-weenl #1 Suftafd o wRu g @1 FE
FRUT ¢ foh TH qedll o ecge Sl STeeA & ST
EAGIIES NI (Donar Species) Es| scdchfjd & Ul <hich
Tpa T &1 I TS [SH—(Si F,
GeCl)>, (Sn(OH))>] Tt et €, fomen ot
WA sp’c® THid B

(i) oAferdio o ufa srfuferarsiierar

T T8 o 9l 95 S &1 3uferfad § me
fhu M W sffEE S €1 A gETa: ] YRR ok
B E-AHISTRIRS qu SRAES| $9% g HE:
MO T MO, ¥1 SiO 1 i shadt 3= a1
W B Bl STH SRR SfeRe ool SifaEe
= SiferdiehuT sTaen el SAfedEe &1 gadl |
AT U o B T TRSHEE (SH-CO,,
SiO, M GeO,) A &, S SnO, T PbO,
Il gRfd o B B HAefEES ® CO
STEA q GeO A ®, Sdfeh SnO @l PbO
Iy )

IAEIOT 11,5

TE-14 H 9§ 39 99 (1 He=A) ol g, S

() a9 3Afs oTellg eEsifFIEe o9l ¢

(i) HHEA: +2 Serdientor sraeen ¥ fHerd 2;

(iii) STSTETH (A AGATETH) o €9 H T2 A
T B

'
() e (i) IS (iii) fafaes qen smfas
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() ST o Wi ferameiterar

re, fafersra qen SWfam a7 & g gt et
BId B fe, & foeifsa s emsiemee a9 &

T SEEES ST T <l B
Sn + 2H,0 —2— SnO, + 2H,

g S U Iyifad Tedl B UH IR SRS
1 &7 fthew (Protection film) 1 o hROT BT %I

(iii) ¥ o wfa srfferarstierar
FHE-14 o T MX, e MX, (X =F, Cl, Br, I) ¥R
& TS SHW §| HEA o Al o @t gew
Suge gRfeerfaal o Seet @ foman wieh iy gose
T §1 AR MX, FeEasE YHid & & gl 39
TeEel W ST WA sp? Tehfid SFEEel W el (0]
TOFE A ST T B €1 SnF, T PbF, 3199 B
3 ol YHf % e 21 Pbl, w1 fEe T T,
Fifeh Pb—1 s (S YRS § =T §) o1 Seil S
T T B R S 6s? TE w1 T B weh
T T Seiaei o 3od heh H 3ue o IR Tgfiwd
SR W B Weh| 39 HE o Ge ¥ Pb T &
eI T MX, THR o S o H o vofa
@ & AR T HHE T o SR W GeX,
1 JAN H GeX, fUF TR T, FEF PbX,
Je | PbX, e TRl B €1 CCl, % iR
3 gef PTRAIES SEA W Sl {qEfed B S E,
Fifh Shard THIY] STl o STTeRdTsi T § - hafeh
H THHT e I T8V FT A E

SICl, %1 ST TR Sel-STET Hishal hl
THSA ST Gehell B I Si & d- Feh o ST Y THIRT
TOFEE g TEW HSiCl, TR AR W

cl
|
. — HCI
Si + o) —
Cl/ | \Cl H/ \H
Cl
T o
_si + 3H,Q _si_
o c|:1 on -SHCl y45 | “on

e fagm

sTofed B §, df 3fdd: SiCl,, 39 YR Si(OH), #
et STqEfed = S g

3qEIT 11.6

[SiF,]> S ¥, e [SiCl,]” 3T &1 3k
Heiferd shRoT JfSU

&'

0 &I HRUT fefefad -

(i) faferes W] &1 STHR BT EH & HRU
I AR IR FARA o B: I SR e
TAT] SFafeerd e ©l U g

(i) FIRIT RHIY] F WehTh! Solaed I8 qA
fafeea o] oF w7 eI fopan stfies
Yot &l Bl 2

11.6 ShTeA et HETAYOl wgtaar
T AEMHAE g

3T el o UUW TH & Wild 39 UG H1 YW
T hTeH 3T e o6 3T Gedl ¥ f9= =esr
TSI AT €1 S8 B 3R, v faeg Foledeha,
=0 I T qUN d-HeThl hi SISl o
HROT TG Bl 2

FEH | had s— AU p-heh & 9ed oh fag
3T TEd B3I IE o9 IRl R oheadl R
SéTRA'T"f qH 2 gamEifed (accommodate) sh¥ Hehdl
21 €1 SRl € T THh! SAferhad aSthal SR gl
8, STelfeh 3171 WS d-hemeh! shi SUCTSAl oh HIRUT
AT TRl § ghg HT o B

FHEd H W H 3Tl Bl IHR T 3=d Toq
TSR alel 3= TA] § pr— pr 9gad I i
Afgeda &9l (unique ability) Bl 81 C=C, C=0,
C=S, C=N 31X 3% F£F I 2| 30 Y8 &5
IR WS pr— pr 99 T S €, TR a9 qe
foaf@ (diffused) TRHUET FeTh BH o HROT ST
gl sifqere FEl gl 2

HE § T TR oF T GeHdseh 99 gh
SSHL el @A I T TH B gatd et 21 T
YA ! 5@ (catenation) HEd gl Cc-C s erfuh
TSed € o %R I8 el ¢ O H W A" S
TR FEal g7 SR T Sl g8 Tagq FHOMcHbRd o6
FRO JEH F1 G T S BT T T
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p-<leh dw

M ¥ TIed: GO T Gohdl 81 - 14 T S@ei &
hH C>>Si>Ge; Sn m%l%mﬁm%l

e se THedt / kJ mol?
c—C 348
Si—Si 297
Ge—Ge 260
Sn—Sn 240

JGAT qAA pr— prr aU-FHT F FHROT FHEA
fafes erawey <griar 2
11.7 TE oF TUERY

e oh et 3t SAfmeeeig-an & TREy B
£ €10 a1 YhTES heH o & THE TR &9 )
TE T, Wi, § W 9 SR Uh. %ol (H.W.
Kroto, E. Smalley and R.F. Curl) el RES 1985 H
e oF Teh 3T &9 G ol @ISl il 39 @ o6
FHRUT 5% T 1996 § AEe TEHR T&H TR 1=

154 pm

fear 11.3 11 &1 G

11.7.1 &1

R fopelia et g1 21 399 Jedsh T sp?
TR BIAT & AU AR SAMHa ¥ o WR
FTe TR W 1 Wl B THH HIe-hTe
SEIH 154pm€ﬁ'<ﬁ %IWW&W(Space)ﬁ
3g fIfadta S@  (rigid three dimensional
network) 1 fafor w3 ®1 39 "= (fa 11.3)
o HYUl STk | feere Heddrse 9y 3ufted ®d
&1 39 YR forqa WeEASth dud i el sicd
1 g1 21 31a: g gedt R U M drel qeifie
FR Tl 21 TR IYAN ¥R dS HH ok g
AR (abrasive) o B9 H, TG (Dies) ERIEi]
den fagq-ghe o ® SMEA dg (filament)
T H g 2

325

3T 11.7
B ° HeHaSH g o IWid ot Terie 3=
BT 21 =2

&

N ¥ A5Ed C—C Sge fAfaHE 95 gidt
2, T8 digT &6 wied el §1 o7d: S
T 3=4 2Idl B

11.7.2 UwIES

‘j'ch"ISZ A st G (layered structure) Bt %I
¥ WA TS 9 gR1 et Wl 1/ Wl o HeA
# T 340 pm TR Bl YAF Wa H HIeH WA
Wﬂﬂqw (Hexagonal rings) o &9 H i
e €, fSEd C-C &% @ 141.5 pm €l 81 TZh i
T W Yieh hrae T (sp?) HehTid Bil ¢ Teish
THTEH ILATY] A head shree qRaTopet ¥ i fawm
e ST B 1 THRT T TR p-eT S &1 wol
wd | goiriA foreried B €1 selaeia Tfdeier B
€, o7: Uhree Tergge sh1 Yerereh Bral €1 IS s el
% qd § AT ¥ drel S Hehdl g1 98 SR © T
UHTEE qeA@H (soft) a1 F=rh1 (slippery) @il €l
Ied a9 R 59 99 o a1 &1 9A0 THew (lubri-
cant)%@ﬁﬂﬁﬁw%,ﬁﬁﬁww
Tesh 1 HE Bl B

340 pm

2019-20



326

11.7.3 TerRo

dferam, st enfy eifra Tai =1 Suftfa o w@
ﬁwaﬁﬁgﬂw (electric arc) 4 Y foran S
€, 9 Fori o1 Tl g 1 anfoad ey Cr AUt i
TG S T U Fosiell qeref (sooty material) i
q& &9 9 C ) FD 3 C,, q A(d g&d /e 7 350
1 31k AHEEN | HEH Ferkd | 9T T FedE
HTE T Y5ad ®Y 7, Hifeh Ford H fREt FhR
gerdl ¥ (dangling bonds) &l il €1 FeriA i
T fASEAT Bt B1 (C,) 319 1 SR Hioh et
éb’ﬂ'ﬁﬁ%ﬁ?ﬁ%l @WW‘T (Buckminster
fulerene) ed ® (o 11.5)1

foT 11.5  (Cyy) FHMHRR Feria &1 Gl=l: Yl
ATFT QT dicT (Fedicr) Hi aE Bl &

00 ©: L S I qe Ui 9seig 9Re
T Bl Bl TH B: WEEE god ©: el U
weel oo % WU Hufed (Fused) Wl 2, S
g U 9o ohadl ©: USEE dod oh Wiy
Tferd eree W @l €1 Wl shieA IXH0] THE e
T 91 (sp?) WhTld eI &1 Feeh ShTei ULHTY] 3 i
SHTa AL o He A AT S €1 = Seli
R 310 W forerigd @l €, S 219] 1 Wit o
WW%IS@WWﬁ 60 3T (vertices) B
T| Y% 32U W T HeA WA Bl 2| 38 W A
e ael fge B €, fSeRt C-C Y e wEe:

e fagm

143.5 pm 7 138.3 pm &Il 1 AR Hei
‘Sh1 &’ (Bucky ball) i ed €l

s HewqUl qeF 7E ¢ foh SR ©9 U e
1 Gaifesn El ey JwEe ?1 or: UwEe &
AH® ! I AT S §1 SR qel FoRH A, HO
o T %A 1.90 9 38.1 kJ mol ! B &1 HieH
T o 3T ®Y (SE—h[e ek, hish, SRRl M)
URTES T Gl o G &Y € g k1 HfHd A7
T BIESEhTe i Sl T e wieh Wi Bl 21 o
FI ATURATT H RS AU HIFA hl TRA HH T
Sehlel T ik W Bid

11.7.4 & o SUANT

e yered o ofd e AhTee g S wmed Al
TAH! Y T §| T T BT ST ASeAl Tk
%1 BE (fishing rods), 4 e, A qA S
(cmoes)ﬁﬁﬁﬁ%lﬁﬂﬂﬂﬂﬁ%ﬁ%
THROT UPTEE H1 YA ol o RIS S H | ae
it fag-emeed ® @ ?1 Jwee gw A
Ffafeer 7 ol 9o &R % ufd ifRA TR 2
Teferer TR ik TR 1 STANT SEdel TE
Afeifd 6 o S 21 THR STET S-St
(water-filter) Y hrefh ﬂ{[@q\T ED| B T qAg
e | T w1 FERE e § gl 21 e w@e
(carbon black) WWWWﬁHﬂW@H
Al o PR H Wk o ®9 H SR HH H1 STEM
T A § TIaeh oF &9 § a1 369 o €9 |
21T 21 0 Tk GoadH Teer €, Frgent ST s
T Bl 81 38 e (Th hig =200 mg) W |l Sl &1

11.8 hTsl= T TafeerT o uq@
=rfiTes
I ok ATRAEES

FHET o I AEEYU SAFAES-HET AAISTRIEE
(CO) TN 1A TTEeAaEE (CO,) T

11.8.1 ShIEA HFATHATZS

STRdTS Tl 919 i Hifqd A § 9y o @iy
TR0 T T HAITRES T et 26—
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p-<leh dw

2C(s)+0,(g) 2> 2CO(g)
% FeReh 37 373 K W HifHeh 377 oh
B Siciieheol i W oIed AN H Y§ hred
HHISFES I Bl
HCOOH —22%_5H,0+CO

i &9 ¥ 39 Sieh W 99 (Steam) Faed
Yok I ST €1 39 WHR CO T H, 1 W fasmn
‘areT |’ el “Hyewur |’ (synthesis gas)
el &l

473-1273
C(s)+H,0,

CO(g)+H2

R T
e 99 o WM W A % WA R S

T@ CO T N, o1 fHH Uredt &ien 21 30 Wieger

Fed 2
1273K

2C(s) + O,(g) + 4N, (g) ———————2CO0(g)
+4N,(g)

TR W

TR TG q YR TG T HewIqul st
2o B 1 37 A § SUTEA Shie HISRIES o e
T8 W HEA SRS TH WW Bl § 991 o
el Teherdl B1 e HASTHIEE Sa H AT
rferer TR a0 TR T €1 98 U Yo STEEs
21 I8 A o ‘i ge1 U’ UEiEe a5
HHAU I o AlgERe o fafled =1 dwi o
S{TFAES h1 ST T Xl &1 Hhra AHISTRAES &
39 U w1 FE fafa= uigeti o eifedse o
(ore) | H@—ﬁ'@n‘ﬁfﬂT (extraction) ® Bral -

Fe,O4(s) + 3CO(g)—2— 2Fe(s) +3CO,(g)
ZnO(s) +CO(g)—2—Zn(s)+ CO,(g)
CO:C=0: A ¥ HEd qoll Ao o Tl
Th o TN & 1 &4 | Hla GRATY] TR THTh! AR
T HI IURAT F HRU HEd TGRS Il
(doner) %WWW%HWH@H@&*%
T TR fRT SH R o1 RISIHA ST 81 CO
arra fadeft gl Eretei= o WY Tk Hepel I
1 TGh! AR o HRT Sl 7, SN S-SR
Thel ¥ 300 TAT Ak TR B #1 T et

(g)
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wforprent # Iufeerd gHiTenst w1 IR A
HATFETS-JaTe § Tehdl | 3fad: SEehT TROMH Jog
o ®9 | gl 8l

11.8.2 ShTa-T STEHTHATSS
g *i Al § 98 HTeA A HITIH o9 h qof
g T YT Bl 2l

Cls) + 0,(g) —2—C0,(g)

CH, (g) + 20, (g) —2— CO,(g) + 2H,0(g)
AT W $9 hfeda seiHe T aF HCI &1
rfafean grRI s ST HeRal €1
CaCO,(s)+2HCl(aq)— CaCl,(aq)+CO,(g)+H,0(1)
SirenfieR &9 o FIA-9eeR (lime stone) &l T
FXh Ig Sl S 2
HTEA TEHFARES Th TR 9o ToEH T 7
Wﬁ%’ﬂaﬁ W@WS’H@@\HW (chemi-
cal) den ﬁ—?ﬂ]’qﬁiﬁ (geo-chemical) He 1 ATl
21 ST % WY T HrEih I A6 §, S Th
ea fgamaa o 21 3 fefafed < 9= 4@
fgaifoa e 8-
H,CO,(ag) + H,O(l) = HCO,(ag) + H,O"(aq)
HCO, (aq) + H,0() & CO,/*(aq) + H,0*(aq)

H,CO,/HCO, %1 9% fofe@ To &l pH I
7.26 ¥ 7.42 % T S @Al €1 1A Tehfd g
o RO &R o WY R Y G- o 2

FHEH SENFARE TIHSA | ~0.03% (A
) Sufterd war €, TEHT ST WeRTIT-HgeTTUT
(photosynthesis) Gfsha o g ?1 39 i | w
Ui agweea CO, %l HEERge (SH—TwE) |
uRafidd w2 3d #1379 gk o TaEften afedd w6
TH YRR YRS feman S ekl 2

6CO,+12H,0 —Y 5 C_H,,0,+ 60, + 6H,0

79 Sienan g Uid Siqet, 7 9 @ o fag
o S &1 HTeEA FsTeES % fauda ag faied
Wﬁf 1 el gt % tl'{@ S| 'SCW (fossil fuels)
o F&d Sed adl Wi -0 o faw IA-Ter (lime
stone) & faEed & ®RU IFHSA H CO, I |
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Tadt 2, forad arHed & A § 9fg & @ 21 W
gﬁ?rqg—m (Green House Effect) Wﬁ%l THh
3eh IO HEH ST €

gfad CO, 1 TER TSl | B o HR0T Hia
SEAFAES T i I T (dry ice) o &I § HIe
el S Hehal 21 Yk 9 1 SYANT STETHH qel
fenshifaq aem (frozen food) & S HIGED o ®Y
H o T CO, H ST HrERd T3 T (soft
drinks) H, 9 ¥ 90 qeM <84 § W8 81 81 oh
HOT TR YA AFIMHER (fire exlinguisher) =D
®Y ¥ g1 g1 CO, FT SWN 9o A IRA &
fomfor & 2iar 21

CO, 319 H Tl THY] sp Hehd BIaT T1 FHIeH
T J sp HERA Hefeh, AledlsH AT o Y
p-=HeTeh o WY SATTeAT ek &1 T &Y &M ®,
Seifeh ShTe TLHTO] o I &1 Selerie ARSI A
%Wﬂpn—pnaﬁmé‘l WWWW
gl &, food g c—O sl *1 @eE uh guH
(115 pm) Tl &1 399 *E fgya ol 7 =i 2
CO, T ST TS h1 30 TohR TR X Fehel &

.. + .. .. + .=
:Q—C =0: <—>:O:C=O:<—>:OEC—Q:

FHTEH SEITFARE Dl SRS T

11.8.3 Tafarra ewEeiierEE (si0)

9-Td4St T 95% TN faferwt ud fafeche @ o )
fafae ersiaare, v amrq: ‘fafasr’ 99 9
S ST €, o fRed GEHHE  (Crystallo-
graphic) &9 ¥ fierr #1 fafast & g2 &0 s
(quartz), TREdEaEe (Cristobalite) T TESEHIEE
(Tridymite) €, St 3fad a9 W faeafed=a gt €
faferera SReiiadEe T Teadseh HfaH™ e
3 €, foow faferen o] wqshers™E 9 § =R
TS TEATget o HWedaifa dfud @d Bl Y
SifereftsH Y] faudiaa: S fafasd o] o SEr
T &, S ot 11.6 § <1 T 21 ek i g
Iqoherh O WifEd @ar 21 9ol fhee i uh
9e3 319 o ¥4 H TE1 <1 Gehe 7, g fafasw aen
STRITST TRATI[T T ThIaX A | 373 W& e
il

e fagm

—S|i—0—ﬁi—0—?i—0—?i—

T T
—S|i—O—ﬁi—O—?i—O—Ti—
0 0 0 0

—Si—O0—Si—O0—Si—O0—Si—

fer 11.6 : SiO, 1 HfaHia qwa

fafeh o9+ MM €9 | @1fd =9 Si- O 99
Tt g % HROT KA el 21 I=F d9 W
faferent, RaiioH, SReTEgeH, fushisr et qer «rgei
% YR i JiaITad T €, STl HF 92 NaOH
foman s 21

Si0, + 2NaOH — Na,SiO, + H,0
SiO, + 4HF — SiF, + 2H,0

S o fagd S9N <@-faegd (Piezoelectric)
wrel S § Ear §) e tfqaensd fea, syt
e, TReA-yEaR, Tfaeia fedl Fer =een
anfs w1 fmior Sura e wen fafasr Sia w1 swEm
eh ER:co (Drying agent), Fuferdl 9&1ef (Chromat-
ographic material) & &9 § q1 3G o €9 |
Bin 21 faferert 1 Tk tfwee™ €9 (Amorphous
form), Tﬁ'@lﬂ'ﬂ'{ (Kieselgur) <1 3T SHA-TaA
(Filtration plants) T grar %I

11.84 fTafeeria

Te e THfcrhl agerhl %1 Th a1 ¥, foed
R,SiO, T TAEd! 3T (Repeating unit) Bt 21
fafaesa & fmior o arfves wered tfesha steren tRa
yfewemdt fafeea aeivee, R SICl, |, g 8, e R
Ufesher steran URel T ® €1 S 573K A9 W
Aforet FANTES, IR IAH i Iuferfa | fafaswa o
e e @, @ fafa= Afoe gfteemd seiRifaet
(fSFe1 ¥ MeSiCl,, Me,SiCl,, Me SiCl a1 H&H
T H Me,Si T ¥) SEAfUA SEEd faem
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p-<leh dw

(CH,),SiCl, o Siei-37qeT o ST Fe Tgeiehiehl
SN @ Sl W eid 2|

Cu 7= +2H,0
9CHCI +Si —— s (CH),SICL, ——  (CH,),Si(OH),
570 K _9HCI

CH, CH, CH,
I I I

HO— Si— OH + HO— Si— OH + HO— Si— OH
I I I
CH, CH, CH,

Hzol ERSIEU

CH, CH,
I I

—O+ Si— O + Si—
I I
CH, /,CH,

IEISEDR]

(CH,),SiCl fHel ¥ sigeteh 1 @l i olag
1 frafd fhan s oohar @, <t fegaR f &1 &g
T 3 B

CH, CH,
I |
nHO— Si— OH + HO— Si— CH,
I I
CH, CH,

-H,0 | agefim

CH, CH,
| |
—O0+ Si— O+ Si—CH,
| |
CH, /, CH,

IEISEDR]
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SYE Wfeshel Tl ¥ R T % R fafersn
i TTUfaeREl (Water repelling) 9ehfd gkt {1
T S=u A e, S qweEd wwed qen
T el SATSRHTRLT o Wi Wil < T[0T eil
21 h forqa ewEm 21 TR SwEm Hifed e
(Sealent grease), I%E]:c[{)[ﬂ? (Electricinsulater) de
SHe-d&  (Waterproof fabrics) 3N sreafewan
TEEE-HES TH e B

IETEIOT 11.8
fafeesi &= 82

&

I Tafere SEemE d A ge €,
5 fewa steren wia g fafaed wemg
& v dy el woEd € 3 St
(Hydrophobic) J&fd @& B

11.8.5 Tafeere

gfa & o€t A0 H fafaere @ s o s E1 g 9
T3 Hequl TS € — BheesdR (feldspar), STeiielge
(zeolite), vaq 3T (mica) den Q’@R’H (asbestos)|
fafaere &1 g G s Siof (o 11.7),
o fafersi TR 9R SieRdisH TRAmRT ¥ Sqhers
®Y ¥ Sfad @l 21 fafeaee § o af wh fafae
(Discrete) Wﬁw&%%ﬁr% awsﬂwﬁ
% Seh1gal ufd fafeehe s &1 1, 2, 3 A¥El 4
ARSI TCATOLA oF |l WIS STereen | et &1 e
fferohe sepreal onuw o fierdt €, @ S@faa oo,
WA qen ffenia wwE on @1 fafeere |
OO H AT S-Sl g1 Sl g €1 4t
IR S S FIURAR T S o Y HIfEd B €,
@ ffem et w1 o g 21

a7 gR faffa & et fafeere ia qen
= gl
11.8.6 I3

Iz fafasw eeeIaEe & Hfafis Sow 4 9 #
fafas ] tgHfem e gr giewrfad &
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330 e fagm

o ST ¥, @ W Wl we et e
\ T g, SR wk F®UmEw @0 21 Nat, K, Ca?* o
¥ SH BTSN %1 Hdfed Hid 2| SHh SEEul

HeETR qU SHeiieEe &1 TeREEE SEr | wehe
; % WS dUT HHEEEHR HoSeliege & fawga
Fmmmed - °OW ST ISR o ®Y W Bl 81 ILEnd—ZSM - 5
(Teh SISTeATES o1 GohR) k1 STYAIT Uehigidd bl He
(%) (=) e § wfEfia w0 § g §1 Ferifa steise
forT 11.7 : (%) SIOF HUIFT %1 wgeherdh G0 1 SYART FHBR A oh G0 H ¥ M ol ST

(@) SiO- F&FE @1 freym fafee= IS a0 o 2 2

.

T RN H p-aeiter Wl YehR o o, e, TS Ao SULT & o hRUT A5 21 e groft
T p-oiich dxall o 3o ®: O W 13 W 18 Tk fehan wn 21 Eiferam o safafier gent WSt
1Y AR T4 ns? np' e 1 57k diieh shig H SUftyd fH=Ta1 & HRU 39eh it
TS QAR U Tt gufad id €1 held: 1 awl o o o stedferes faerar frerdt @1 et
ATSRETERTUT 3TTRT (group oxidation state) o ATARE 3 T 3T SRR T +ff YT
T €, S HASTRdl Sele W ] T 9 g1 €1 o iRl STeree getoh el o ferg T
Bt ®, Tt AR el oh foru et affeRdieRor stereen Tl Bidt el STl €1 SR TS d-heieh i
YT k1 G G T Ol oh 7 ¢ SHM 1 Agdl Bl gfad il @1 §eioh a7 pr - pr
¥ S € Tl e A di - pr AUl din - d S S 1 g9 e § d-ohersh ki erqureerfd
TTh1 SAfehad HaSrhdl w1 TR W HfHd Sl €, J&l e a3 |9 Hl U W 2

Te-13 W SR 21u1g ], SHih 37 9ged wrg €1 su-fmio § s e =R werhi (2,
2px,2py?r9J|T2pJﬁWFﬁ?WGﬁSﬁE@'ﬁ(2522pl)aﬁW%W@Tﬁéﬁﬁﬁﬁﬁﬁgﬁ
[ B 21 g A IR AR ST SeleR el S <t B 39 YR SR AT ogd 7R
1 Wi EeR Y &1 SR SZEESSH & WY TeHArS AiTeh i o+ &1 THH Seiad STgan
B,H, ¥l SEAA § I A WAME o wed Wgey wReSM WA B ¢ 39 9ged &
Fredia-fagetae™ sigr A1 T T SRS % WY SR o Hewqul AifTes siiler o1 qe
SR €| Ak 37 B(OH), T 3ol THATRh T 3T 8| 8 BEgiomet ST § Sofaid Je01 &Y
TEH 3T o M AR Al 81 R Na, [B,0,(OH),. 8H,0 T ¥ el S 2| I8 Wikt
T HWeRWUT urgeti o forg =ififes <1 2 2

T +3 STeRiehT sTaeen Fef¥id il €1 Te § e WM W 9 qw w1 +1 i
ST TR B S T AR SATRA T gArE 1 RO B ¢

T Teh WETTeh 3TeTg 7, S 310 =R TS Seid (2522p?) 1 STAN Hich Fegaisth 54
T €1 T @Al 1 U1 S 1 98 7 sheet C-C ehel 59 o g, SAfg sigael (C=C 317el C = Q)
% gW gEe A 9o S i o Argd wEd B g@e i ygta g™ %H Houedl @
C>>Si>Ge Sn>Pb! SRET FEEME i o6l avd 1 U9 ST HIeH | $Eh A
Hewqul STREY €, Y1 qe Foki=d & i IRaR o TEET +4 T2 +2 SHFRAHT STeeen Fef¥
FW Tl +4 ATRARTOT STl TS o AT G GeHds Y o eid &1 e dwet
o G +2 ST ST YERI i i YT Sedl Wl €1 S whi +2 SR e +4
SHFHHTOT ST § i Tl et €1 FTEA TR SRR SToen ff YR HEAr €1 hrE
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p-<leh dw

< el SRS CO T CO, T €1 e HHisieEe SSMIH 8, Safh Hied SEsiiomEs
AT Fgf 1 Bl 1 hre HHIATRAES § e W SUME TehTeh! Soidda g o gN e e
TG ST 21 SAEmaier i ol § CO &1 EHieiier a1 Hepel i Tl 3R e7eia
ottt i 21 e et gom: fatel T&f e ¢, Ty SRR o ded Y a0 Siered
U & T8 & RV aESH ¥ CO, ®T aedt A 7 weee feufa 3o o & 7, e it Te-uare
FEd T1 30 AgHSA H1 a9 9g Sl ¢ d 3 TR et Sam @ St 21 faferenr, faferenta

Jen Tafeere Tewyul Aifte 2, fr ST e T de-is | g 2l

11.2
11.3
11.4

11.5
11.6

11.7

11.8
11.9

11.10

11.11

11.12
11.13

11.14

11.15
11.16

11.17
11.18
11.19

A

(%) BH T1 T a2 (@) C | Pb T & ST Taeenstl ohi faar & %9 &1
AT iU

TiCl, %1 & § BCl, % Jod T i 39 h¥ THAC?

AR TERIHNIES 28 A o T HaeR Fi Y il €2

BCl, @ CCl, AfTei %1 320 30 g <A o U 37k AIER o Sfaed i
THEAETY

1 itk 3T WA STl 87 THEAE)

1 Bl ®, Wl Sk A hl WA TRA ST B2

BF, @21 BH, ! i &1 =M@ il 37 TiRis § IR & g6 &1 ke
it

UM o6 IHFYHT ZEeR <RI aret stfafsarg i)

ol =g AT A B 82 s BCL, 9o SiCl, seide =g Aife &7 wwes
CO?2 @ HCO; ! e g fefe)

(F) COY, (@) € a2 (1) JhlEe § F1ei hl HehIU-SToAT 1 BTl 87
AT o MR W E ae dohree o il | Ffed fuwar i ey

freafafed weml &l gfoaea wifse qon THrafTh FHieTo -

(F) e (1) FINES Cl, ¥ fan sk PhCl, 30T 2|

(@) o (IV) TS S o Ul eTcafer steomdt

(1) T TH AEEES Pbl, TEl S B

BF, W de1 BF, H &4 @aE %99: 130pm d 143pm M o HI0T Sy

B-Cl sTe fgya el T 7, fohg BCL, 10 &1 fgya el 3= 2ran 21 =i
il HF & tgifam gewisings sifaer €, W NaF el ® et st 21 e
BF, I Yafed s W aitont foem § | Ueeifem grwsives saafid gt s
21 3T HRU TAEY

CO & faiell 8 =1 T SR FdqEu)

CO, 1 #fsh A el qgfs o foe Swart d 77

TEEART T AR 3T i HaT THART
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11.20

11.21

11.22

11.23
11.24
11.25

11.26

11.27

11.28

11.29

11.30

1 g ], S

(F) <N F e T fwmar ST 2

(@) ik 3 ol Wil o ferEn s @)

() UefHtEw 5t a9 NaOH ¥ stfufsan &g st 21

() BF, ® T sifan 9 1 St 2

frefafea sifafswasti @t awemET-

(F) R *l IufeAfd ¥ I== a9 W fafersra & Afda F@rrEe o @Y WA o
S 21

(@) Tafor= EeiauEs %t fFa srgey weiNEe o @Y %1 v 2

()  CO &l ZnO & | A feHan S 21

() Sl Ui 1 o Selid NaOH @ @1t 1 St 21

FHRU TALT—

(%) TE HNO, 1 Ufaes UGHITo o 9 g1 fohan S wehat 21

(@) 3 NaOH T2 UGHITam o Zohal oh T 1 TAN Tuafeehl @ie o fag
fean S 21

(M) UHES IoF Tek & €9 F FIH el 2

() & H A qe o &9 H el 2

(&) g SR § UgHitEE fagug w1 STE g 2l

(F) v & TgHIEE 99 ¥ Q0 @ TEI @ e

(®) R sheel o H UGHIRE AR 1 WA e 2

Fra § faferria qeo e Tl § wee S et 21

Al ! G § Ga &1 H A 5591 i 39 8 GHEg?

&Y 1 Bl 87 HieA o I HEEyUl &Y & ql JhES hi L= Fi Fo

AU T SHT STRET o Hifde O TR G T G TSl 72

(%) Trefafeq seaEe #i STH, dRF aun IYFLHl wEe & ®9 § aified
Hife—
CO, B,0,, Si0,, CO,, ALO,, PbO,, TL.O,

(@) TIo! Yol ol WA aTel qEmEes i fafem)

T sfufmaret & dferm, toeifem @ gumar sufa €, Safs o= § 98 991

uTqel ¥ EHaT Sl B1 39 A2 Il $9 FHON % gN fag w1

e og X 1 foran difeam greeiiaaEe o Qe &1 Sl ], 9 vad 198 (A) s g

%, Sl NaOH o a1 o foreia eient faeta deret (B) &l €1 4ifiteh (A) @ HCL

SRR AT (C) I 21 ATk (A) 1 eifee TR o s W AifR (D) & R,

S T Frenfid org oF €9 § Y9 B 21 X, A, B, C @1 D w1 TeHI de SR

TEAM o 99 ¥ I9gE TR0l U

frefafed @ @9 @1 gued 272

COREIEREEREIC] (@) AREY (M) e

T e X frefatea o < -

(/) 31 el foera foeaw & gfd e g )
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(@) e WH T S A W gE Fwig % GEE 39 § W@ied 8 S e

(M) =& X % T faeen § Wig H,SO, fiemn s 8, @ U s Z i vad ke
RG]

IR sAfufswanet & gt fafen ik X,Y 99 Z &1 ge=itu)

1131  Sgfera gt fifsm—

(%) BF; + LiH - (@) B,Hz + H,0 —
(7)) NaH + B,Hy — (%) H,BO, —2—
(¥) Al + NaOH — (¥) B,Hg + NH; —

1132 CO TN CO, Feli o TYAY o feIq Ueh Fawmemen qen s sivenfie fafu dfsw)
1133 SR o Selig forem o1 YHfd 9 & e 2—
(%) 3[EH (@) 3wyt (1) aRA (%) st
1134 @ik 377 oh FgeIhd B &1 BRI —
(%) THH! AT Tpid B (@) =Ed TR a9 ®i Iufkerd 2l
(1) THH THARA TH B () o= St 2
1135 EEENA ® €A 1 GhI0l HF G Bl 2

(+) sp (@) sp? (M) sp? (%) dsp?
1136 SSNAHT €9 ¥ FHET o] qaifus @R €9 S99 32—
(%) =W (@) YwTEe (M) FE  (F) &g

11.37 f=fafed & @ 9ug-14 o aw & 0 9 9 FHeF T 272
(F) +4 e y&i¥E s 2
(@) +2 qU1 +4 SR L] YERE HL 2
(d) M2 q& M* 3P o9 2l
(%) M2*qel M+ 3P 99 2
1138 afk fafersria-fmfon o wrfiss geref RSICL, 8, @ 9 a1et 3g i |1 sy
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