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THE p-BLOCK ELEMENTS
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T Weheh oh 31T o oIS 3I—
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TE 13 91 14 o i o ifds T
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i,

hTel- o 3TIEY| hi AT hY Hohl;

A, FEA qen fafaswE & &®5w
Tewqut AfiTehi o W Hl T Tehl;
e 13 q1 14 & T TE ITh
ARt o HewIqol STAMT 1 Gelog
T Fo |

Weheh 11

11085CH1

TEAT a7l @ AR IS # d- qgT f- g & THIT &
FHIUT p-aclich o aval o Ut 7 F97ar 398 TaraT &l &y
a1

p-ATh o qeell W SAfqH Seleid dEIad p-hesh § Fal L 2l
SIH BH A §, p-shemeh] i W& o9 BIdl 81 37d: p-sheiehl & Th
e o SAfehan ©: soiged GAIfEd B Hehd €1 uRoned: efed
Rt § p-soAteh o 13 9 18 O ©: THE €| AR, e, AIg2eH,
AiFdIeH, T den Eferem 3 Tgel o wid ¥ dfaam &
rfafter gehT WA 19l SAFRIH fa=A ns2np'-* €, el
T TRl forame & Slafie shie f9= 81 Tehal &1 g8 Tl
T ifder IO (S-S TS STt e, SE e
) o WU-TY THEHS O - Ff At gurtad w2
ROHA: p-sciish o aal o TN B st fa=rar uRafaa gt
2| p-=iih o ek dvd NI S S ol SAfeehas SAadRor
SITAT 3Tk TATSI selae (A s— T p-Sclaei 1 ART) hi
T o GHM el 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 <wia ¥, S W (WY Sevds e e gt
TR W < TR A Bl 8| p-sciish oh vl g <3S S el
Hewaqul Aferefiehtor srereerati sl GRoft 11.1 § <witan T €1 «),
FHE Tl AESeH GRAR | galeh dwal oh Tl T9g STl
Teen SAferehad Tt B ¥ WHe SRRl STaeen W < 3ohT
FHH SATFRITRIUT T Tk T8 | o Tl o foll it &9
T wrEl e S @) UuE eIl e W T SHEE HH
SR TuT 3Tael &t Ui o1 3Tfsha 0 Y| (inert pair effect)
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RO 11.1 p-=l% & q<al $1 GHA AR G99 @ AT saeend

g 13 14 15 16 17 18
=
ENERIRED ns’np' nsnp? nsnp® nsnp* nsnp® nsnp’
o (He® faw 17
g I
g B C N o) F He
e
e
TRl +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

e S €1 T I SRR STt (e i
e T TS SRR Tereel W T TohTE HH) oh
e Tfae Tqear afEfdid gid €, foert samen
ITIH I T I S

Tg T FEeR T TR ot Ud Suung eted
RO & Sheed p-selih | B0 21 HYE H e W W
tefeder 0T KA ST ST &1 e H s p-sciich
o O H Hed o qF Haityeh difcash Ui
B 21 erenfeaen @ enfeaer o A 39 hR IRedT T
<l o A o fafayd @ 21 9 giad 39 T
¥ wefud wge W R s 2

= G1qetl i gor Hosturgen @i 3=
e 3T et qen 3= faga FomcHehaT il ¢
q: erget o faudid S S W oAEE N
T FUMEA ST 1 STeafersh T og o Teafesh
Tieh STHIg G 1 AfTeh THI=IA: TR Ui i
B 8, Tk Tt T HomeReharett § afueh SR
I 2, I8 TEA SR STeged % w@E % WeA S T
FUTCHHAT H Sgd 3 el 81 e @ enferh
o1 9 9REd i $eh g AT T SFEIES T Hhid
o YR R GHAET ST Gehdl | ek 3tfaze
S el AT B €, Safeh efcsh SRS
G Yhfd o Bid 2

p-=ciich B Yk HYE kI Tecll Ha& 311 Ue&
T < HROT A T 21 370 Tell SHROT ST B HR
T THY R o TRt 707§, S SR R 737 7 T
3Td: s—salich oh Boleh awd diiuEd U8 adiferam &t
qifq p-=ciieh o off T Beteh dedl F=Tar Wef¥Td wid
T oheel p-seiieh o ddl TR W a0 Hewqut =T,
T el (A e oh ST o deel) o HAS T
T dherehl o1 Sufeerfa B, St fgdte smmad dek oh deal
o 72 B €1 p-=ciieh | fgeta amed o a7, S AR
Y YR B ©, W1 ATUehan Haisihdl 9) (T 25 ql
@ 2p FHerhl B STAN Fd L) qF HfHa et 2l
ook fomid p-Uqe o qig oTad o a (e
TR foa=me 35°3pn Bl ©) | o 3d et
Iufterd Bid €, S 3p el 4.5 Foll-% o HET Bid &1 3
d-heIh] 1 ITART i gL JaATd STEd oh qed STq1
TSt w1 =R 9 SAfeh 9 Wehd €1 SH—T81 S
dad [BF,|” @A a°@ 8, 9l uqHiaH
[ALF, | 3T 31 1 37 d-hefehi a1 Sufeerfd e
il (Heavier Elements)av‘l'{:l'l'q:l ED| ﬁ 3T JohX
Y yufad Hidl €1 SR To d-heieh] shi STTeIl
T 9 37 q<all i 1 9 I i &THdT i G
HTA T | TE T YT T 3T ok Tl T T o
e (IZMA-C=C, C=C, N=N) TF 3= W T
o Tl (IFE/OMA—-C=0, C=N, C=N, N=0) & HqI
pr- prEESE S w1 &l | 3T Tl €1 e axd
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ff ¢ &Y o €, Wq T d-heh (dn —pr I
dr —dn) Gfwfer gid €1 9f d-FHerehl H1 el
p-FeThl T Sett O Afere et ], o1a: fgdta ofea &
Tl o pr—pr FEF T GaT H d-heehl 1 T |
AT FH BT 2, BTl THI SRR STereer arel
TH T oh! Tl | 7o awall ohl ST T&
Afereh B Tohell 21 SSTERONE — +5 SRR STareen o
P 1 N g ATl BOMH NO; (n—a¢ o Wief i
IYEHdSH H Hifad & g AEesH o U p-
®eTdh i) dUqT POS (s, p T d HeThl i
n-d4 o gftnfad #d gu) s €)1 39 The | 'Y
3Tad 9RO oF §HE 13 A1 14 oF qwdl oh TEA
STEIIA |

11.1 9% 13 % a9 : 91 IRaR

ol o 39 HE o oY g8 T WeiE i g1 SR
(B) UF W1 eTq €, THIRM (Al) 19 €, g

e fagm

THeh 3 THE [UIEH SR o HEH §, Sefh
o™ (Ga), Sfeam (In), Sfermm (T1) den Freifem
ToteH! | @ qutd: g §)

IR T 39 a B U8 qedd: el
= (H,BO,), I (Na,B,0,-10H,0) T2 e
(Na,B,0,-4H,0) & &9 ¥ W< &1 €1 gON 39
AR A (SERE) A W g (TSeerH) o
firerar 1 9-9ddl (Earth Crust) ® =R w1 aged
0.0001% (9RIcHF) ¥ ft F1 71 SRk & < e
®Y 198 (19%) T B (81%) fierd €1 TqHifrom =i
rgetl o waifush Sgeddl € iR g-qddt ® del w1
IEeTdl | THHT dEU M 71§59 0H o AR T8
T4 WSS (45.5%) a1 fafered (27.7%)
o TYHT Hell{Ueh 9 ST o1l 98 e (8.3%) a
2 Ui & YH@ SeEEe (ALO,. 2H,0) T
FEEEE (Na,AlF,) 38R €1 TR 9 § 98 J&r:
g YRV, Hledh, IS a1 S | AY9F (Mica) 6
w9 ¥ foerar @1 Aferaw, sfeam qen Sferem wafa o

HRUM 11.2 HHE 13 @ dvdl o WHIUEeh Ta sifaer or

R VeifeEm 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 fo=ma [He]2s22p' | [Ne]3s23p'| [Ar]3d°4s24p!| [Kr]4d'°5s25p! | [Xe]4f45d°6526p!
qEAT] 51/ pme (85) 143 135 167 170
CIREIRER)| (27) 53.5 62.0 80.0 88.5
M3+/pmb
CIREIRER| - - 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
EESEERIENIE 2.0 1.5 1.6 1.7 1.8
¥ /g em® 2.35 2.70 5.90 7.31 11.85
298 K™
Ted / K 2453 933 303 430 576
FaYIR/ K 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 &)

“eifeereh 31" 6-3TGEGIISH, © Ui Whet
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p-=dleh d

agd %9 Aol o faed ?1 freifem ww dvefia
eafoea a2

feifom 1 Hehd Nh, TRHIY] T&AT 113, THI]
TEME 286¢ mol 3R sHHT TSI fa=ar
(Rn) 5/ 3d°7<>7p' 1 TH 31e9 AG1 | &1 I
1 TS T Tl TEE w1 27 20 FHT 2
THfeTT THRT TWEA 1 TEl 8 e 1 Il it
1 BIgH TE 13 o 3 T o WA, Hifqw
A TEEtTR O w1 faeror faan w2

11.1.1 ToEeiier fa=ma

YYg—13 o Tl I 9 SRS 9= ns?np!
2T 1 oT: 3@ UUE o dwll o soigeiTe faerd
T T THel o awdl k1 ga A (S THE-10 H
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11.1.4 Ta=Iq HOTERAT

Te-13 o qwl o1 foRd HuTeTehdl a1 | W 9
T M W B Al % Sedl B1 deqve i gf
Bt 21 T TS SRR W erfrafid gfis o o
g 2l

11.1.5 ofifass ToTent

AR Yepfa o atelicereh deel 1 7€ shied 3T oh1 3Tefereh
FoR e B $Heh 3R AWEY foerd B fereet
etk ST o 0T SR BT Teiish TR0 €9 9
I=4 BT 21 39 THE o 31 qd 9 Teish U 5=a
ARl dfe G 319 Bid Bl I8 M 34 A
o & fo Aferm 1 Teri 9gd %9 (303 K) B 2l
37d: M o & o I% <9 steen o fgerar @1 5T

foafaa fmean T ©) eifies Sifeet e €1 s
fo=ma o 92t 3IdR 39 99g o dwd o 3 TOI q
T Il o WEA &I gAIfad S B

11.1.2 axwroy ==

e ¥ A= 9 W Y& HANG 95§ el
F TH HE Jedl gl a: /] B & gfy
Goqifed B o SreR foee <@ ST gehdl #1 Ga
1 T B Al WA B 9 5 21 Sfidfie
WIS o TOSRIE o § U€ <@l S Hehdl @
for Aferem o sufter sifafed 10 d TR o] 8T
TR O™ I gadl H a@ Sodd W gad
UfRe T e § (TweR-3 @) | uRorm: e
1 TN 5 (135 pm) TEHIFEME (143 pm) i
o W HA Bl 2

11.1.3 3TEAT TEedt

AP T, S W Y W ST i S €,
e § SR 9 e g w9 9 e vedt 21 B Y Al
o, SHR-gfg o Wy It & €1 AlTE Ga
e AUl In 9 TLoh HeA A e i ufer
AR d TS f gl o &R0 8, TS gfweo
99E 9 g AR g9E w1 &faqid s o fag
E R

AR T FFH A H, < AH, < AH,
8, St oTiferd €1 Yedeh el ki YoM diF wrofeuat

1 2 I=4 B 2| TE Tk TR O o e
H ufefaa B

3=d JAAIF (2676 K) =4 Al oF A o faq 39
SUIRTT qarel ST @1 FE 13 % el ol S ot o
F9 M W A 9 Sferam q Sl S 2|

11.1.6 TEEeR TOTH
SATRATRTUT STERT U TETaeh ATTTehargiietar
w vt
B AR o HROT N 1 GUH qH S Tofeqa)
1 IR 9gd S= BT 71 T 39 7 fath +3 sz
sl H A § Ushdl ©, dfosh ohadl Gy
Aifiteh s o fog e ot I ©1 WY 9@ 8H B
Y Al S 8, d Al sl FoM o e Tofeaat
F AN IeqEHE B G S S gl 9 YHR T
Al* A 591 1 " T €)1 gend § Al T
e eATeRgl aeel R

TRt oft ol ¥ 9 d TF f herehl oF gaa IRIE
JTE o SHROT, TG g AR ST ns Tl Sl
Sl | SiY T ® (S rfwa g e ok fog
IWEET ®)| TH YHR S¥A § T GWiiEl i
et wear 81 IRoTeeEy duF | shael p- et
a1 o g1 g2t § Ga, In W& TIH +1 a1 +3 <Al
HieReRoT STereed ferd it €1 T deell o ferw +1
AT RT0T STl o1 TeqTf¥rcel ST agdl STl 8 Al
<Ga<In<TI 9fc@m § +1 fedierto sraeen T
, Sfafeh +3 SARIeRT0T STeree Wepf | S=d Siierienieh
21 STl el HROl G STuferd +1 SRRl Tere
At AR +3 SRRl STaee i ol o fer
e e €
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T q o Trast eteen ¥ ofvpsti H ohEE
WA % AR R Solagql HI HEeM 6wl T
(ST —BF, | aR) | T Seeiq =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 TR o A SEER T i Jgfd HH Bl St
B S EHARIES WerdTges SR U Th Tehish
TR g T8 # BCl,.NH, SU¥sHdNe
ifiteh S 2

NH,

Cl
N |
B-Cl+NH;,——

B
— \

o ca_ \ a
cl

TH YR AICL, IV fgetsh SRt Tl @l

SIGIES
A1<

99
2& /Cl
%Wﬁwﬁﬁwﬁrﬁ@w

01°
79°

g €, ord: 3§ Siol-eTqefed € S ¥ Ssreumed -
Tfcaeh TRFANES STel STTESH W AJOhcTehd TR
[M(OH), |~ 9T &, /&l M 1 HehT0T 3TN sp? Bieft
2| UHITE FeiNEge Titd Sel-STueed i W
TEFARE S [Al (H,0)J°* & aar 21 59
Gopel 3T | Aloh 3d Heih 9N od 81 390 Al i
HHUT TN spid? B

IETETTT 11.1
A /Al T8 T1* /T1 3 foT 7 soeere fava
E° %HY: -1.66 V T + 1.26 V & faem=m &
M>* P T4 T STTHN ST Td JHI g
o YAfIgd! 0T i For T hiferal

&

TEl Tfue & T Teete favwe Tad ¥ &
tgHtfem ° A1’ (aq) 3T AH &1 ygfa

e fagm

aferer Tl ®, Sete T foorm o 9 fad
IEURR B, dfceh gaol iR off B1 3
faere o TI* &1 qorn o AP etfres Tl )
+3 A S o RO UeHIm Sfes i
o | atfueh et 2

@ o % ufa tiaferarsiierar

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

2E(s)+ 30, (g) ——2E,0, (s)

9E(s)+ N, (g)—2>—2EN(s) (E =)

Tqg § A9 S W TR SAaEES i YR
ufRafdd gl STt &1 IR TEsiiEe STdd gHfa
1 Bl § qU ARk (iferen) Sfieee W TRl
hich Hifedeh SRS ST &1 UegHifae den Afeem &
HiFaEe SHALH Yhfd o B €, Safk sfead qon
et o eSS MUHHE § e Yhid o B 8
() o7 TS &R ok ufa stfufsmarstierar
AR 3Tl U & o WY IS R TRl e €, WY
Uit @fst st e Stefia &l o Ho S 2|
Whetd: Ui et 7o yefi e €1 UeEfEm
a9 HCI ¥ S[oiht SEergeT fenifad s 2l
2Al(s) + 6HCI (aq) — 2AI°* (aq) + 6CI (aqg) + 3H, ()

g AEfesh 37 Al i Hdg W ATHES i
e St 39 fafera &Y 3@ @1 Uit S

ARl W e ek SRS faafsa s
2Al (s) + 2NaOH(aq) + 6H,0(1)
d
2 Na* [A(OH) |- (aq) + 3H,(g)

Hifeay JemEgia™!
e (1) A
(i) Tl o Wi sriTTeRaTsiieraT
TII, % BIEH HYE-13 & T gaiod  fohan #Th
TERARE S B

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

(X=F,ClBr,])
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p-=dleh d

IERIOT 11.2
Fstelta Ui FARES i e o =r 3R]
Yo 4| I W &1 THhT HRT T

&'

frsieiiar TqqHifam F@REe agHeca 6 &
1y 3R €9 ¥ WA Yqefed B HCl 19
S i ©1 I8 THgE HCl ¥9d oF o &9
7 f@r <t R

11.2 SNl 9afa aar TETd

> CFAES

TE-13 o Tl o HEe e & AT H
W HP WUl qeT WHA A €| 39 HE o |eft
Tl o TRFNES, FHES TH ARCEE HeHash
Tehfd oF B o ShRUT Sel-AqEed € S 21 SN
o oAfalea o= |+t qw ol Sqehahd TS
[M(OH),]- e STehetehid [M(H,0),]** TSt Sfeitd
foerem o Sufterd wd B

Kiciicd Teheleh (Monomeri) T;'IE%FTIE@ S@ITEIT'"I
=1 T o SR JId e T o HHM FTER H
¥ 59 &R (SW-NH, o7f%) TF e ™ JeH
FR TG TRl & SHelF ] T 3Tk ol A F

F,B +: NH; ——F,B « NH,

AR W d-shereh STUfed @d €1 held: SUeh!
Aferhan GASHd 4 & Tehdl g1 =ik Al 9o 3
el H d e SUftd B ©, ofd: ekl Sifurshad
TSRl 4 § Sifush 8 TRl €1 SifueTe 37 g
TR (IIEIMH-AIC],) Tgael TesiH TE] R
fgwameta &1 S § (ALCl)| 37 +1g AR § Sqay
2o AUt @ goAFET TVl HL ST 7k ol
F 2

ISR 11,3
AR BFS- 3T 7 o1 Tohdll 21 U1 AT
iU

&'

AN § e w1 SURAfd o FRO T

319

A STF HT TR HE § oEmed g e
3d: THh SAfehdd Harstehdl 4 9 3fue T8l
B Hhdl 2l

11.3 SR &F FB HewdAgol AR

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

11.3.1 IR

7% IR T Fewyul AR B1 T8 o e o
€, fST9®T 99 Na,B,0,.10H,0 Bl 8| qedrcish &1

¥ T Wk sEEAl [B,O, (OH), | &t 2
3Td: THHT 3TFH T Na, [B,O, (OH),].8H,O &l 2|
IR S | STl e e o 2l
Na,B,0, + 7H,0 - 2NaOH + 4H,BO,
SR T
TH fhT S W IR I8l S ok 3] hI
fTRTER 3T & 9o Tt Sl &1 G TRA fHy SH W
Tg T RS g9 o ufEfdd B S @, S i o
TAE T 39 ¥ qfiEfdd e S 21 SH Sied Jeent
(Borax Bead)%ﬁ %—
Na,B,0..10H,0—=— Na B,0,—>— 2NaBO,
Hifszm HerENE +B,0,
CUCORE ESIESS
fafim dermur ol & HeEie &1 fafere 1 g
2, TSreh STUR W 7 qeell 1 Tew | SRe e
T8I0 (Borax Bead Test) &1 SYANT FANRIenet |
B 21 SN SR i e AEe
(CoO) o T F S T TRA Tohall Sl &, 7 el
BT & AT [Co(BO,),] T 2l

11.3.2 3MATAFR 70

ST 377t H,BO, T ¥ad fohteeta 34 =i &,
e g Tt g ?1 A® W A steufae,
W WH S § gl foem g R 39 aRed o
Seltd forerm 1 STiihd ieh S S Hehdl 2l

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

27477

T SR ob AR AMTehi (SH—2eTES, BESES
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3MMR) o SIA-3TTeed g/ (ST a1 Jaa 3TFd |
fSre htch) oA ST Hehdl €1 SHRT WA WL
=Wt €, STET BO, %1 SoTgal BIsSem & 51 I8t Tt
g (fe 11.)1

7

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

R Tt Tk g AR I 71 TE WA
o T €, T SRS S ¥ U e I
TEUT T o HRUT T5H 3 i HiTd AeeR Hidl B

B(OH), + 2HOH — [B(OH) | + H,0"

370 K § 3ifys a9 W TH fhy 9IH W
Tefieifier oTel Wereifier e (HBO,) ST @, i
SR Ak A 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 © 2

&

ifeh 370l 1 Teh gelel 37 SHIT /AT T &,
Hifh T8 T Wi 1 e el e 2
TE STl o 3] H BIEGIRe 3 (OH ) Teul
HTh ST ST YUl T € qen H Fewifaa
Hl 2l

e fagm

11.3.3 STgaRA, BH,
TR T Fd TATH TTEYRES SEARA 21 38 SEUa
ge 1 Suffd § S ZEHRSES H1 LiAIH, 9
o Hleh oA Sl 2
4BF, + 3 LiAIH, — 2B_H, + 3LiF + 3AIF,
AT B SRERA I 2q Aifea™ aREREgRe
1 SATRAHO AEEN o e T s )
2NaBH, + I, — B,H, + 2Nal + H,
i Y W SEaRT SR TER[SANEE qe
Hifeaq eEgEe %1 fha gu o=@ s 2l

2BF, + 6NaH —22%_,B H_ + 6NaF

TEERA T STediell TR 79 ¢, foreht Jaerish
180 K 21 7€ d1F o Hueh H 3 R A il 33t
B T SiadieH w1 suftefa § srafus ol W
IS HTd g Serdl 2

B,H,+30, — B,0, + 3H,0;

AH® =-1976 kJ mol ™

ST =9 aRT ft a9 o H9eh § TH W
T e o 1 SIRA ST o T1 delt ¥ Sl 3TEfed
TRt Sifteh a7t 2 2

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

TRAA 9 AR (L) o W fagem sifufewan
™ TF A AR (BH,.L) 3@ B

B,H, + 2 NMe, — 2BH, .NMe,

B,H, + 2 CO — 2BH, . CO

TEART WA @ oAfufesr ¥ URY o
B,H,.2NH, a1 2, 5% 96 [BH,(NH,); | [BH,] 5T
TR fean S 21 7% SIR 3ifek T W B,N,H,
<1 21 39 Uik BH TS NH THel o 9ol Tofd-GeaT
o qRYeT T TehTaf-eh sl (Inorganic Benzene) ED
®9 S S 2

3B,H,+6NH, — 3[BH, (NH,),]"

[BH,| —Hea ;9B.N,H,+12H,

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

2| ferel 9IR B - H o4 9w fgahsta-fegaae
(Two Centre-two Electron) ELRCEIn] % SEICT ﬁ
Uqad (B - H - B) 94 o R o g 8, fo=
‘Trehgia fegalaei™ 9o’ wed 1 faet 11.2 (@)1

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

H H H
CABQ‘\‘BED H\ﬁ/H
@“y% v N7 N\
H H H

(=)

forg 11.2 (@) TRARA | S| SEART H T aRiT T/ET]
sp’ GHRa glal 81 579 R sp’ GHRd Hehl d &
W?@ﬁ@%’ﬁé’?ﬂ?\, WWQ@Tﬁ(Dotwd
Lines) §RT 971 741 €1 Riart B - H G
W‘W{ZC—QG) a’%}?, am%a?@gaa
(B - H - B) Fbg1a-1gscia2iq1 (3¢ - 2¢) &1 3@
‘AT’ (Banana Bond) 41 %84 ol

R, TSNS i Tk @ h1 AT
g, fogd wqeheri@ [BH,| om@H wq@ 71 fafim
HIqeT o JTRTEEEEERe T €1 Sfuem e Jiteew
o TEEYESENE ® ANIEESES W #8d 1 3%
g TR i SR &1 Iufkefd ¥ SEanry §
Sfafsran wTeh SR S Gkl 2

9MH + B H_ — 2 M* [BH, ]
(M = Li 3197/ Na)

(e WYYl H A LiBH, de NaBH, 1
SUANT YT o &Y H Bl 81 37 Hifcoieh INEEgEs
I o ‘5{%\' yRfYe Terel (Starting Material) & ®Y
o Sug o @ S g

11.4 SR, YEHEm a9 390
TRl 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 JEiey® Sohe M
o qen agAEl o getoh @eF il o fwior o giar 21
ARF-10 (1°B) FHEAR H M- 3TeRIT0T i AT
% &Il eIl 1 37q: 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 SAEifien SYANT S=4 A ©g
i (Heat Resistant Glasses), @@—W@'@P&[ (Pyrex),
T qU HIEE T S | Bl €1 e
ST 1Tl o 2Rl W (Soldering) o TeTT TMeTeh
(Flux) o ®9 H; S, e (Strain) de G-
it faedt & sad A ¥ wd stiuesd Qe o
2h & &Y H a1 8| e 75 o Sl faera
ST WA TR YR o ®9 @ 2

THIem S1d ¥ad (Silvery White) T &1 T
wehictl g ©, fod S=u @ @med (Tensile
Strength) Bl 81 THHT 9 T SO =cishel 3=
Bt 1 WR W ¥R 3N (Weight to Weight Basis) ®
Tfifem 1 =Terhdl S 9 g e 21 oftw
Stre qen ST o T 1 Tt IUET gt
21 98 Cu. Mn, Mg, Si @1 Zn o @ fHL61 1
fomfor ear @1 UgHifem qen gHekl fasiemgeti @i
fafere smpfa (S9-T=w, @@, B8, W, W, <=
a7fx) < < Gehdll B1 SEY SHRT STANT SR M
=, fmfor, s, garg sterst qen FEE sa §
_E?HT%I %Wﬁwaﬁ%ﬁrﬁﬁﬁ (Toxic Nature)
Bt B1 21a: o] HEl o UHIET qe 9ok TRt
1 START FH EH o B

11.5 99E-14 o dxd : hlEA
IR

e, Tafasa, sHfd, fo, o qen weiifaad w98
14 o o< €| FET U § qrE e gt
Afdaged (Most Abundant) @ 8| T€ W&fd o
TS e W ST W S | I Sl 81 qw
e ® I8 i, Ithige qen € | fier €, St
YK ST | I8 YT e, TEgehed a1 arg §
FTe SESATFIES T4 (0.03%) & &9 ¥ fiyera 21 I
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FHEl S Hehdl & T e HHRX T Tl ooel dd
2, S &7 Al (SH—STEREe ST, 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 sHeh stfafte
T I gHEAI 4 ot Sufterd ®d 21 98 T
fearifaed gaeenfrs 8, fagst srig 5770 o9 21
WWWWW (Radio Carbon Dat-
ing) ® e 81 fafae g-wddt & sgedar @ amn
SaETe (27.7% 9R ¥) fgda a0 21 98 yHfa o
faferer qen fuferehe o &9 o sufterd @ 21 9%
fafas, ffos, +19 a1 di= =1 qewyul e
21 sfEw erfa gew wen o Sufted & @1 ged:
fe @ (faTee), sno, fei | e e (Pbs)
ITEH W WS W TR Sl @1 weifedd "eelfia

feaufaa a@ 2

e fagm

SHfg qen fafeiea &1 I[EaH  STa¥en
ST e qe Tf=nerh Iferd (Semi Conductor
Device) 99 H Bidl %I

eRifea 1 Ydish F1 81 SUh1 TCAT] S&2T 114
T AT FHATH 289g mol! T Ferareieh for-=ard
[Rn] 5/* 6d° 75> 7p? &1 34 =gd HH WHM § &0
ST ThT | ST TG Sgd FH T TUHT WA A
% A TEl 71 TR # SigH] Jel THE-14 %
I Tl & Hewqul WA S sifas or qen
Ik ol T aRoft 11.3 ® fiw 7w B %5
e, Hifdeh T THET O w1 e {9 w5t
EIRGRS

11.5.1 Toaeiier fa=ma

TUg-14 o qdl 1 ISRl HIVT SO fa=rd
nsznpzm%lﬂﬂtﬁ%mmmﬁqﬂ
sTafer wie 9= 8 B

ARUM 11.3 WYE 14 o dval o WHITUEe Ta Sifaes or

T e Tafasws s fes [
C Si Ge Sn Pb
LAY HHIh 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”
HeHdrss fa1/pm* 77 118 122 140 146
st e MY /pm” - 40 53 69 78
st oo M /pm” - - 73 118 119
EIEEE] AH, 1086 786 761 708 715
Tt/ AH, 2352 1577 1537 1411 1450
kJ mol AH, 4620 3228 3300 2942 3081
AH, 6220 4354 4409 3929 4082
IEESEIRC N 2.5 1.8 1.8 1.8 1.9
e /g em 3.51° 2.34 5.32 7.26' 11.34
e R /K 4373 1693 1218 505 600
FagIR /K — 3550 3123 2896 2024
forpa-fauehar 10"-10" 50 50 10° 2x107°
/ohm cm (293 K)

MV s e & fau: ” 6-SudeEaSeh; S uifer AwE; €293 K: ¢ #0 # fau: v & TE 2.22 3

JB-®9 (FW & a9 W TR |
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11.5.2 HgEdSTeh ==

e 4 fafasT = Teganes e § Scoay
gfs o« Bidl 8, 5te Si § Pb o HegdSeh e §
aifyrer gig Bl B1 d- 9 f shemehi o quigRd §H
% HRO TH Bl 2

11.5.3 I T=Eredt
TOE-14 o qwl B YUH AEEH T & AN
TE-13 o Gd deel 1 Tl S B B

Tl W it Sfiafieh i geeRAl w1 g uRerter
BT B GG 9 H A WM W AT e
o 21 Si ¥ Ge, Ge ¥ Sn T 3¢9 <A1 T Sn
H Pb T TcUg(g, HEAT d A1 f Soiaeil o gaal
TRRETUT YH1S T AT o o SAHN H1 URom 2

11.5.4 Ta=Iq SHUTTHSHAT

Bl RN o HRUT THE-14 o @l o foeq FomHehdl
1 HH THE-13 oF T awall i Toe[q RNl oh
A @ gl @1 31fush Bl B1 Si | Pb dh dxdll i
g FOTcHshdl 1 A RIS GHM il 2|

11.5.5 ofifaer ToTendt

Te-14 o |l 9 39 | Fe-faferh s1emg iR
HfEn Suug ®, wEfe foq den W %8 Toris
Al G g €1 99e-14 o awdl oh el Td
FAUAIR THB-13 o el oh Tl Td Faelh &
o § 3tfues B 2

11.5.6 @A TOTIH

STFITRTUT ITEEAT qAT AT Teh AT TsHaTgTerar
EARCIT]

THE-14 o T & SRIAH HI9 H IR SoAa[ B 2l
3 q<l g GMRId: +4 qAT +2 STaRAeR{ul STael
TS St &1 hTa SRUTCHR  STeRTeRT0T 3fereen ot
TR LT B1 R Fom AR STEAA Tedt S A
31 3=a B ©, 314: +4 SRR tereen H ifuehat
ifiTh TEHASS Fhq o B ¢ 39 UHE o e
Tl H Ge<Sn < Pb %A H +2 ARIHI0T TaTel
T w #5199 Tgdl S 21 gedass wiw o
ns? IR o 9¥9 § 91 & oF o RO IE Bl
21 5T 3 S STeenal F1 A TetE &
o ofteafda e 81 wEq qon fafasd germ: +4

323

ATRIeRTT 3Teen YRR Hid B Sy +4
SRR STarEen Tl Bt €, Sefeh Fs A o
+9 ATt eraeen ot fhert 21 o7 e S
fereenat ¥ ATk Sa1 7 (+2 SRR stawen |
o Torae o &9 A w1 A €)1 +2 Sdw
e H oI ok Ak e e €, it Ut +4
ST Yol SRk T =g FarST STaree | 319
SHERT T T 3113 SR B ¢ [SEEne- (CCL)]!
Serae AUl 3T9] BF o VT AT Seiae e
I SASIARTA TSl 1 37den 39 TEl 1 Sl 2l
TN FHEA AT FeHAShdl +4 T STAhT0 T
FR Hehdl &, Tq TUE ok 31T a7 UHI L &1 T S
el W d-weenl #1 Suftafd o wRu g @1 FE
FRUT ¢ foh TH qeell o ecge Sl STeeA % ST
EAGIIES N (Donar Species) ES| scdcfv;Td & Ul <hich
T T &1 I TS [SH—(Si F,
GeCl)>, (Sn(OH))*] Tt et €, fomen &t
WA sp’cd® HHild B

(i) offerdiom o ufa srfuferarsiierar

39 98 o 9l 95 S &1 3uferfa § my
fhU SIH W 3ffEe S €1 ¥ gETa: ] YRR ok
B E-AHISTRIRS qo SRAES| ST g HE:
MO T MO, ¥1 SiO 1 i shaet 3= a1
W B B STA SRRl SfeRe ool SifaEe
= SifediehoT sTaen el SAfedEe &1 gadl |
AT YR o BW T TREHEE (SH-CO,,
SiO, TN GeO,) A &, S SnO, Tl PbO,
Il Rfd o B B HHlefeEES ® CO
STEA q GeO AT ®, Sdfeh SnO @l PbO
Iy €

IAEIOT 11,5

TE-14 H 9§ 39 69 (0 W= hl g, S

() Ha9 i oTellg SEsifFIEs o9l

(i) HHEA: +2 Serdentor saeen ¥ fHerd 2;

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

'
() TEA (i) oS (iii) fafaes qen smfas
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() ST o Wi ferameiterar

red, fafersra qen SWfFEw a7 & g yefeaa et
BId B fe, & foeifsa s emsiemee a9 &

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

g Sl U Iyifead Tedl B UH IR SRS
1 &7 fthew (Protection film) 1 o HROT BT %I

(iii) ¥ o wfa srfferarstierar
FHE-14 o T MX, T MX, (X =F, Cl, Br, I) ¥R
& ToARES SHW F| HEH o Afaled o @l gew
Suge gRfeerfaal o Sedem @ foman weeh iy gase
T §1 AR MX, FeEaE JHid & & gl 39
TeESl W ST WA sp? Tehfid SFEEel W el 0]
TOFE A ST T B E1 SnF, T PbF, 3199 B
3 otk YHfd % e 21 Pbl, w1 ifEe T €,
Fifeh Pb—1 s (S YRS § =T §) S Seil S
T T T B R ST 65 TE 1 T B weh
T T Seiaeid o oo heh H Iue § IR Tgfwd
TR W B Weh| 39 HE o Ge ¥ Pb T &
eI T MX, THR % S o9 H o vofa
@ & AT T HHE T o SR W GeX,
F1 JAN H GeX, fUF TR T, FER PbX,
JE | PbX, e TR € €1 CCl, % fafer
3 gl PTRAIES SEA W Sl {qEfed B S E,
TR Shard THIT] STl o STTeRdTsi T § - hafeh
H THTHT e I T8V HT A E

SICl, %1 IR TR Sel-STGET Hishal hi
THEA ST Gehell B I Si & d- FHefh H STcA Y THIRT
TOFEE I TEW H SiCl, TR AR W A

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 UHR Si(OH), #
et STqEfed = S g

3qEIT 11,6

[SiF,]> 3 ¥, e [SiCl,]” 3T &1 39k
Heiferd shROT JfSU

&'A

30 &I RO fefefad -

(i) faferes W] &1 STHR BT EH & HRU
I AR IR FARA o B: 98 SR e
WA SFafeerd e @l U )

(i) ORI TRAY] F WehTh! Solaed I8 qA
fafee o] oF 7 eI foRan stfues
Tat &l Bl 2

11.6 ShTe ot HETAYOl wgtaar
T A FHdelX

3T el o UUH TH & Wild 39 TUE K1 YW
G hTe 3T T o6 3T "edl ¥ f9 =esr
TSI LT €1 $Eh B 3R, =4 o Foledeha,
=0 I T qUl d-HeThl hi SISl ok
HROT TG Bl 2

FHEA | hadl s— AU p-heh & 9ed o fag
3T Ed B3I IE 9 IRl R ohadl R
SéTRA'T"f qH 2 gamEifed (accommodate) sh¥ Hehdl
21 €1 SR € T gHR! SAferhad arsthal SR gt
8, STelfeh 3171 WS d-hemeh! shi SUCTeAl oh HRUT
AT TRl § ghg HT o B

FHEd H W W 37l Bl 3hHR T 3=d o
TSR alel 3T T § pr— pr Fgad I i
g™ &9l (unique ability) gl 81 C=C, C=0,
C=S, C=N 3T 3% F£F I 2| 39 Y8 &5
IR WS pr— pr 99 T o €, TR 9 qe
foafa (diffused) TRHUET Feih BH o HROT ST
gl sAfqeare FEl eiar 2

HE § T TS oF T HeHdseh 99 gh
S[EHL el @A I T TH B gatd et 21 T
Y3 ! 5@ (catenation) HEd gl Cc-C s erfuss
TSed € o %R I8 el ¢ o H W A" S
TR FEal g7 SR T et g8 Tagq FHOMcHbhdl o6
FRU JEH F1 G T S BT T T
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M ¥ TIeed: GO T Gehdl 81 - 14 § S@ei H
%H C>>Si>Ge; Sn m%lﬁgwqﬁ?{m%l

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

JGAT qAA pr— prr aU-FHT & FHROT FHEA
fafes erawey <griar 21
11.7 RTE oF TULERY

FTa & fredla iR sfweea-<H & ey B
1 €10 a1 RIS HIe o & THE TR &Y )
T T, HId, & Sl 91 3R Uh. Hel (HW.
Kroto, E. Smalley and R.F. Curl) el RS 1985 §
e oF Teh 3T &9 Gorid ol @ISl il 39 @S o6
FHRUT $% T 1996 H A6e TEHR T&H TR 1=

154 pm

fear 11.3 11 &1 G

11.7.1 &1

R fopelia et g1 21 399 Jedsh TR sp?
TR BIAT & AU AR SAMHfa ¥ o WR
FTe TR | ST Wl B THH HIe-hTe o
SEIH 154pm€ﬁ'<ﬁ %IWW&W(Space)ﬁ
gg fafadta STe*  (rigid three dimensional
network) 1 fafor w3 ¥ 39 "= (fas 11.3)
o HYUl STk | feRere HeHarse 9y 3ufted ®d
&1 39 YR foqa WeEASth dUF i el sicd
7 g1 21 31d: g gedt R U M arel qaifee
FIR qgred 21 TR IYAN ¥R dS wH ok g
TSR (abrasive) o B9 H, TG (Dies) ERIEi]
den fagq-ghe om ® SMEA dg (filament)
T | g 2

325

3T 11.7
B H HeHasH g o IWid ot Terie 3=
BT 21 =2

&

N ¥ A5Ed C—C Sge FAfaE 95 gidt
2, T8 digT &6 wied el §1 o7d: Sl
T 3=9 BIal B

11.7.2 UwIES

‘j'ch"ISZ A st G (layered structure) Bt %I
¥ W TS 9 gR1 et Wl 1 Wl o HeA
# T 340 pm TR Bl YAF Wd H HIeH WA
Wﬂﬂqw (Hexagonal rings) o &9 H i
e €, fSEd C-C o @ 141.5 pm €l 81 TZh i
T W Yk hrae T (sp?) Hehid Biel ¢ Teish
e ILATY] A THehead shree qRaTopet ¥ i fawmn
e ST B 1 THRT T TR p-sel S &1 Hol
WA § geiae forerigd eid 21 seiaei Tfasiiet g
&, o7d: Three fergge sh1 Gerereh Brl €1 Uh1ge i wal
o qd § ST 9 drel S Hehdl 81 98 SR © T
UHIEE qeA@H (soft) a1 =1 (slippery) @il 2l
I=d 9 R 59 99 ¥ 9 &1 9IT THew (lubri-
cant)%@ﬁﬂﬁﬁw%,ﬁﬁﬁww
Tesh 1 HE Bl B

141.5 pm
«—

340 pm
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11.7.3 TerRd

dferam, st enfy eifra i =1 Suftfa o w@
ﬁwaﬁﬁgﬂw (electric arc) 4 Ty foran S
€, 9 Fori w1 Tl g 1 anfvad o Cr AUt i
TG I T AT Fosiell qeref (sooty material) i
q& €9 9 C ) FD 3 C,, q 3A(d g&d /e 7 350
1 31k AHEEN | HEF Ferkd | 9T T FedE
HTE T Y5ad ®9 7, Hifeh Ford | fREt FhR
gerdl ¥ (dangling bonds) &l il €1 FeriA i
T fASREAT Bt B1 (C,) 319 1 SR Hioh et
éb’ﬂ'ﬁﬁ%ﬁ?ﬁ%l @WW‘T (Buckminster
fulerene) ed ® (o 11.5)1

faT 11.5  (Cyy) FHHERI Feria &1 Gl=l: Yt
FT G dicT (Feaicr) Hi aE Bl &

00 ©: & S Iog qe Ot 95T 9Re
T Bl Bl TH B: WO god ©: el Ui
weel oo % WU Hufed (Fused) Wl 2, S
g U 9o ohadl ©: USEE dod oh Wiy
Tiferd ereen § @l €1 Wl e IXH] THE B
T 91 (sp?) WhTld eI &1 Feleh ShTeie ULHTY] 3 i
SHTa AL o He A ST Sl €1 = Selei
R 310 W foerigd @l €, S 219] 1 Wit o
WW%IS@WWﬁ 60 3T (vertices) B
T| Y% 32U W TS HH WA Bl S| 38 W A
e aol fge B €, fSeRt C-C Y e wEs:

e fagm

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

s HewqUl qeF 7E ¢ o SN ©9 U e
1 Gaifesn El ey IwEe ?) or: UEEe &
AH® 1 I AT S §| SR qe FoRH A, HO
o T %A 1.90 9 38.1 kJ mol! B &1 HieH
T o 3T ®Y (SE—h[e ik, hish, TRl MS)
URTES T Gl o G &Y € arg 1 HfHd A7
T EIESEhTeT i Sl T e wich Wi Bl 21 o
F ATURATT H RS AL HIFA hl TRA HH T
SRehIel 9 ik W Bid

11.7.4 & & SUANT

e yered o ofd weia AhTse o S wmed Al
TAH! Y T E| T T BT ST ASeAl Tk
F B (fishing rods), 4 e, IREE qel i
(cmoes)ﬁﬁﬁﬁ%lﬁﬂﬂﬂﬂﬁ%ﬁ%
RO YIS HT IYAN ol o RIS S H | ae
it fagg-emeed ® e ?1 Jwee gw A
Ffafeer 7 ol 9 &R % ufd oifRd =R 2
TcAfere TR Wl R 1 STANT el E
Afeifd w6 o g 21 THRl STET Sa-st
(water-filter) Y hreh W ED By T qAq
AR | T w1 FERE e § gl 21 e w@e
(carbon black) WWWWﬁHﬂW@H
Al o PR H Wk o ®9 H SR HH F1 STEAM
T A § TIaeh oF &9 § a1 369 o ®9 |
21T B 0 T GoadH Teer €, Frgent ST s
T Bl 81 38 e (Th hiE =200 mg) W |1 Sl &1

11.8 hTsl T TafeesT o uq@
U]
I ok ATRATEES

FET o I AEEYU SAFAES-HET AAISTRIEE
(CO) TN 1A TTEeHEFEE (CO,) T

11.8.1 SIS HIATTHIATES

SIS STl 919 i HifHd A § 91y o @iy
TR0 T T HAITRES T et g—
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2C(s)+0,(g) 25 2CO(g)
% FeReh 37 373 K W HifHeh 377 oh
B TSiciieheol 0 W Ied AN H Y§ hred
TS I Bl
HCOOH —22%_5H,0+CO

i w9 ¥ 34 ik W 99 (Steam) Faed
Yok I ST €1 39 HR CO T H, 1 71 fasmn
‘greT T\’ Yel ‘Hyewur |’ (synthesis gas)
el

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

CO(g)+H2

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

T@ CO T N, 1 fHH Uredt & 21 30 WiegeR

Fed 2
1273K

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

TR H

TR TG q FETR TG % Hewqul st
2o B1 3 A § SUTEA Shie HHISRIES o e
T8 W HEA SEATFAES TH WW Bl € 991 o
el Teherdl B1 e HASTHIEE Sa H T
rferer TR 7 TR T €1 98 U Yo STTEEs
21 I8 A w1 ‘A ge1 U’ UEitEe a6
HHAU Il o AlgEREe o faled =1 dw o
S{TFAES h1 ST T Al &1 Hhra AHAISTFAES &
39 T w1 g fafe= uigeti o eifedse oT R
(ore) | H@—ﬁ'@n‘ﬁiﬂ (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 ¥ FHEd qo AdeH o Teh
Th o TN & 1 54 | Hla TRATY] TR THThT AR
T HI IR F HRU HEd TGRS Il
(doner) %WWW%HWH@H@&*%
T TR fRT SH R o1 RISIA AT 81 CO
arra fadelt gl Earctei= o WY T Hepel T
1 TGh! AR o HRT Sl 7, SN S-SR
Tpel ¥ 300 TAT Aferh TR B @1 T ot

(g)
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wforwrent ® Sufeerd gHiTensta wt IR A
SATFETST-JaTe § Tehdl | 3fad: ST TROMH Jog
o ®9 | gl gl

11.8.2 ShTa-T STEHTHATSS
TR I AfTRd | Ig HTEH AT HEAGIH 69 o qof
g T YT Bl 2l

Cl(s) + 0,(g) —2—C0,(g)

CH, (g) + 20, (g) —2— CO,(g) + 2H,0(g)
AT W $9 hfeda shielHe T dF HCI %1
rfaferan grRI s ST HeRal €
CaCO,(s)+2HCl(aq)— CaCl,(aq)+CO,(g)+H,O()
Sirenfier &9 ° FIA1-9ee (lime stone) &l T
FXh Ig Sl S 2
HTEA SEHFIRES Th TR 9o T T4 7
Wﬁ%’ﬂaﬁ SWWW@\HW (chemi-
cal) der ﬁ—ﬂ'ﬂ]’qﬁiﬁ (geo-chemical) He 1 ATl
21 ST % WY I HrElE A A6 B, S Th
a fgamaa o 21 3 fefafed < 9= 4@
faaifoa 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 GRI o WY R Y G- o 2

FHEH TEFARE TIHSA | ~0.03% (A¥aA
) Sufterd war €, TEHT ST WeRTIT-HgeTaUT
(photosynthesis) 9fsha o erar 21 39 gfmar | &t
Ui agEeed CO, Hi HEERge (SH—TgwE) |
ufafdd w <a &1 39 gk o qaEtten aftedd w6
79 YRR YRS feman S Skl 2

6CO,+12H,0 —Y 5 C_H,,0,+ 60, + 6H,0

79 Wienan g Uid Siqst, A 9 @ o fag
o S &1 HTeA FAsTeEe % fauda g o
Wﬁf 1 el gt % tl'{@ STrareH 'SCW (fossil fuels)
o F&d Sed ad Wi -0 o faw FA-Ter (lime
stone) & fa=ed & ®RU IgHSA H CO, I A
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Tadt 2, forad ared & A § gfg & @ 21 W
gﬁ?rqg—m (Green House Effect) Wﬁ%l THh
3eh T HEH ST €

gfad CO, 1 TER TSl | B o HR0T Hia
SEAFAES T i I T (dry ice) o &I § HIe
el ST Hehal 21 Yk 9 T SYANT STETHIH qel
fershifaq aem (frozen food) & SR HIGED o ®Y
H o T CO, H ST HrEARd G5 T (soft
drinks) H, 9 ¥ 9 qeM <84 § G 81 81 oh
HOT TR YA AFAIMHER (fire exlinguisher) ED
Y ¥ g1 81 CO, F SWN geg A IRA &
fomfor & eiar 21

CO, 319 H T TH] sp Hehd Bl T1 FHIeH
THIY] q sp HERA hefeh, AledlsH AT o Y
p-=HeETeh o | SATTeAT ek a1 T &Y &M ®,
Seifeh ShTe TLHTO] o I &1 Selereie ARSI A
%Wﬂpn—pnaﬁmé‘l WWWW
gl &, food g c—0 sl *1 @eE Th guH
(115 pm) Tl &1 389 FE fgya ol 7 =i 2
CO, T ST TS h1 30 TohR TR X Fehel &

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

FHEH SEIFARE Dl AR T

11.8.3 Tafara ewEeiierEE (sio)

9-Td4St T 95% TR faferwt ud fafeche 9 o 1
fafae ersiare, v amrq: ‘fafasr’ 99 9
S ST €, o fRed GEHHE  (Crystallo-
graphic) &9 ¥ e #1 fafast & g2 &9 s
(quartz), TREdEaEe (Cristobalite) T TESEHIEE
(Tridymite) €, St 3fad a9 W faeafed=a g €
faferen SReiiadEe T Teadseh HfaH™ e
3 €, food faferen ] aqshers™ 9 § =R
TS TEATget o Hedaifa dfud @d Bl yelw
SiferefsH weeTY] faudiaa: S fafaswd o] o SEr
Tl &, S ot 11.6 1 T 1 ek R g
qvhelh O HifEd @ar 21 gl fhee i ueh
9e3 319 o ¥4 H TE1 <1 G 7, g fafesw en
STRATST TRATI[T T Tehiak A H 3713 U&= 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 M= €9 | @1fd 3=9 Si- O 99
Tt g % HROT AfHAEAA el 21 I d9 W
fafcrnt, RaiioH, SReTEgeH, fuhisr aTel qer «gei
% YR i FfaXad T €, Tl HF 92 NaOH
femen s 21

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

FAeS o fagd S9N <@-faegd (Piezoelectric)
wrel S Ear §1 e stfqaens wfea, sy
e, TReA-yaR, Tfdeia fedal Fer =een
afs w1 fmior Sura e wen fafasr Sia w1 s
eh Eco (Drying agent), Fuferdt 9_1ef (Chromat-
ographic material) & &9 § 1 3G&H o €9 |
gran 21 faferert 1 Tk etfweei™ €9 (Amorphous
form), Tﬁ'@lﬂ'ﬂ'{ (Kieselgur) =1 ITAT SHI-TaA
(Filtration plants) T gral %I

11.84 fafeert

Te e Tfcrhl agerhl %1 Th o ¥, foed
R,SiO, T Tad! 3T (Repeating unit) Bt 21
fafaresa & fmior o urfaes wered tfesha steren tRa
yfewemdt fafeea aeivee, R SICl, |, g 8, e R
Ufesher steran URel T B €1 S 573K A9 W
Aforet FANTES, IR I i et | fafaswa o
e e @, @ fafa= Afoe gfteemd seiRifet
(fSFe1 ¥ MeSiCl,, Me,SiCl,, Me SiCl a1 H&H
T H Me,Si T ¥) SEAfUA SEEAd faem
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(CH,),SiCl, o Siei-3TqeT o ST FelA Tgeiehiehl
SN @ Sl W eid 2|

Cu 7= +2H,0
9CHCI +Si — 2y (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 el ¥ sigetsh 1 @l i olag
1 frafa fhan s oehar @, <t fegaR fa =61 &g
T 3 B

CH, CH,
I 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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Sy Wfeshel Tl | R T % R e
! STeTUfaeRsl (Water repelling) 9&hfd gkt B
T S=u A e, S qWeEd wwed qen
T el AR o Wi Wil < T[0T eidl
21 7k forqa ewEm 21 TR SwEm Hiferd e
(Sealent grease), I%EJS[{IHI (Electricinsulater) de
SHe-d&  (Waterproof fabrics) E It I E
TFEEE-HES S e B

ISR 11.8
fafee &= 82

&

I fafere SEerE d A Be €,
5 tfewa steren e g fafasd wemg
& v dy el woEd € 3 St
(Hydrophobic) Y&fd o B

11.8.5 Tafeere

gfa & o€t A0 o fafaere @fes o s E1 3 9
T3 HeqUl TS € — BeedR (feldspar), Steiielge
(zeolite), vaq 3T (mica) den Q’@R’H (asbestos)|
fafaere &1 g S s Sior (o 11.7),
e fafersi TR 9R SieRdtsH TRAvRT 9 Sqehes
®Y ¥ s @ 21 fafeaee § @ af s fafae
(Discrete) Wﬁw&%%ﬁr% awsﬂwﬁ
% Sehigal fd fafeehe s &1 1, 2, 3 A¥El 4
AR TCATOLA o | W STereen | ot &1 e
fferohe sepreal omuw o fierdt €, A S@faa oo,
wa qen ffenia S WA @1 fafeere |
FOTERT H AT S-S g1 Sl g €1 4t
IR N T FIURART ST o Y HIfEd B €,
@ ffem seres 1 o g 21

e gR faffa & weaqet fafeere e qen
= 2l
11.8.6 I3

Iz fafas eeeItaEe & Hfafis S 4 9 #5
fafas wmm] tgHfem e gr giewrfad &
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o ST ¥, @ W wl w5 et e
\ T g, SR wk ®UmEW @1 21 Nat, K, Ca?* o
P SH BTSN %1 Hdfed Hid 2| SHoh SEEI0

HEETIR U SeiieEe &1 TeREEE SEr | wehe
; % WS dUT HHEEEER HoSeliege &1 fawga
Fmmmmd - °OW I ISR o ®Y W el 81 ILEnd—ZSM - 5
(Teh SISTeATES o1 GohR) k1 STYAIT Uehigicd bl He
(%) (=) e § wfEfia w0 § g 81 Serifa stefse
forT 11.7 : (%) SIOF HUIFT %1 wgeherdh G0 1 SYART FHBR A oh G0 H ¥ M el S

(@) SiO- F&FE @1 freqm fafma o9 a0 o 2 2

.

T RN H p-aeiter Wl YohR o o, e, TS 72 SULT & o hRUT A5 21 e qroft
o p-oiich dxall ol 3o ®: O W 13 W 18 Tk fehan e 21 Eiferam o safafer geht St
1Y AR T4 ns? np'Seid 1 $7oh idiieh shig H SUftyd fH=Ta1 o HRU 39eh it
TS QAR U STt gufad id €1 held: 1 qwil o o o stedferes faerar firerdt @1 et
ATSRETERTUT ITERT (group oxidation state) o ATARE 3 T 3T SR T +ff YT
T €, SN HASTRdl Sl W < T 9 B1d €1 o ARl STeree getoh vl o foig T
Bt ®, Tt AR el oh foTu et affeRdiehvor stereen Tt Biet =il STl €1 SehR TS d-heieh i
YT k1 G G T i oF 7 ¢ SM T ATFd Sl g wdl &1 §eioh a7 pr - pr
¥ S € ST e A di - pr AUl dn - d S S 1 gt et § d-ohersh whi erqureerfd
TAh1 Afehad HaSrhdl w1 TR W HifHd wdl €, 98l e a3 |9 Hl U W B

Te-13 W SR 21u1g ], SHih 379 9aed wrg €1 o § S e =R werhl (2,
2px,2py?r9J|T2pJﬁWFﬁ?WGﬁ3ﬁE@ﬁ(2522pl)aﬁW%W@Tﬁéﬁﬁﬁﬁﬁﬁgﬁ
= B 21 g A SR AR i ST Sole el S <t §1 39 YRR SR AT ogd TR
1 Wi EeR Y &1 SR SEEESISH & WY TeHAS AiTeh i o+ &1 THH Teiad STgan
B,H, ¥ SEAA § I 9 WAME o wed Wged wReeM WA B ¢ 39 Aqed &
Pradia-fagetaei™ sigr A T T SRSt % WY SR o Hewqul AT siiler o1t qe
SR €1 Ak 37 B(OH), T 3o THATRh T 3T B 8 BEgiomet ST § Sofaid T80T &Y
TEH T o M AR Al 81 aRed Na, [B,0,(OH),. 8H,0 T ¥ el 3 2| 8 Wikt
T HWeRHUT HTget o forg =ififes < % 2

T +3 TR sTaeen FefSid el €1 Te § e 9H W 9 qw w1 +1 i
ST TR B S T AR SAfeRA T qAra 1 RO B ¢

T Teh WETeh 3TeTg ®, S 310 =R TS Seid (2522p?) 1 STAN ich Fegdieh §4
T €1 TE el 1 U1 S 1 98 7 sheet C-C ehel 59 o g, SAfg sigael (C=C 317el C = Q)
%GR gEe A 9o S i o drgd WEd ®1 Sg@ed i Ygta TH %H Howedl @
C>>Si>Ge Sn>Pb! SRET FEEME e ocl avd 1 U9 ST HIeH | $Eh A
Hewqul STREY €, Jh1ee qe Foki=d &) i IRaR o TEE +4 T2 +2 SHHRAHT STaeen Fef¥
FW Tl +4 ATRIRTOT STl TS i o AT G GeHds Y o 8id &1 e dwel
% R +2 STFARI0T e YER w1 Yafa dedl S 21 oS B +2 SHRHIor e +4
SHFHHTOT ST W fereh Tl el €1 FEA TR SRR steen ff YR HEr €1 hrE
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< el SRS CO T2 CO, T €1 e HHisieEe S 8, Safh hied SEsiiomEs
AT Ff H1 B 1 T HHIARES § e W SUMd TehTeh! Soidea g o gN Ue e
SIS ST 21 SHAEmraier sl o § CO &1 EHieiier 9 o Hepel i Tl 3R e7eia
il e 21 e sEeiREe gom: fatel T&f S ¢, Ty SA-eR o e I a0 Shered
U & T8 & RV aESH ¥ CO, ®T aedt 7 7 weee feufa 3o o & 7, e gt Te-uare
FEd T1 30 AgHSA HT a9 9¢ Sl © q 3 TR et Sam @ St 21 faferenr, Raferenta

Jen Tafeere Aoyl Aifte 2, fre ST e T deis | 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

(%) BY T @ (W) C W Pb TF i AT STaEensT okt f=al o 7 i
HATAT HI|

TiCl, ®T @ § BCl, % Joof T i 39 hy THAC?

AR TERIHNES 28 Tl o T HeR Fi Y il €2

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

71 A T WA 37 87 THAEy

1 Bl €, S Sifieh 3T i TRA fehan wen 872

BF, @@ BH, ! i &1 =@ it 37 TiRis § a)[ & g6 &1 ke
it

UM o IHFYHT ZaeR <20 are stfafsag i)

ol =g AfTs A B 87 s BCL, 9o SiCl, 3ol = Aifte 87 wwes
CO?2 @ HCO; ! e g feafe)

(F) COY, (@) €W a2 (1) Jhse § HTei hl HehTU-SToAqT 1 BTl 87
AT o MR W E a1 Johree o il | Ffed fumar 6 ey

frafafed weal &l gioaea wifse qon THafTh FHHTo -

(F) e (1) FNES Cl, ¥ fan swek PhCl, 30T 2|

(@) o (IV) TS o o Ul eTcafe steomd

(1) T TH AEEES Pbl, TEl S B

BF, W @e1 BF, H &4 @aE %9%: 130pm q 143pm B o HI0T Sy

B-Cl sTe fgya el T 7, fohg BCL, 10 &1 faga el 3= gran 21 =i
il HF & tgifam gewisings sifaer €, W NaF e ® et st 21 e
BF, &I Yafed s W aitont forem § | Ugeifem gwsives saafia gt s
21 3THT HRU TAEY

CO & el 89 =1 T SR FdqEu)

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

TEEART T ARk 3T i HaT THAR
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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 B €, S

(F) <N F e T fwmar ST 2

(@) diftw o i <ot ® foemn s 2l

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

() BF, ® T smifan 9 1 St 2

frefafea sifafswamsti @t awemeT-—

(%) R &l Iuferfd ¥ I== a9 W fafersra w1 Afda F@rrEe o @Y WA o
S 21

(@) Tafoer sEeiauEs %t fFa Trgey weiNEe o Y %1 S 2

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

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

FHRU TALT—

(%) TE HNO, 1 Ifaes UGHITo o 9 g1 fohan S wehar 21

(@) 3 NaOH T2 UGHIa o Zohal oh U0 1 TAN T9aTfeeht @ie o fag
feman S 21

(M) UHES IoF Tek & €9 § FIH el 2

(%) &R H I qeh o &9 H el 2

(&) g SR § Uit fagug w1 SE g 2l

(F) v & TgHIEE 99 ¥ g0 @ TR @ e

(®) R sheel o H UGHIRE R 1 WA e 2

e ot q st Toedt § e S g g1

Al ! G § Ga &1 H At 5591 i 39 8 GHeg?

&Y 1 Bl 87 HreA o I Ul &Y € 1 JheS hi L= Fi Foe

TAEUI 3 SHT STRET o wifde O TR G BT F G TSl 72

(%) frefafeq seaee & ITH, aRF aun IYLHl wEe & ®9 § aified
Hifea—
CO, B,0,, Si0O,, CO,, ALO,, PbO,, TL.O,

(@) TIo! Yol ol 9 arel qEmEs Afafswan fafem)

T sfufmaret & dferem, toeifem @ guma sufa €, Safs o= § 98 991

uTqel ¥ EEl Sl B1 39 A2 I $9 FHON % gN fag wi

S g X 1 fonan difeam geeiiaaEe o e &1 Sl 8, df vad 198 (A) e g

2, Sl NaOH o afersr ® o et foeia Hea (B) o €1 ik (A) 7 HCLH

TR AT (C) A #1 ATk (A) 1 eifeer 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 g

TEAM o UL ¥ I9gE el U

frefafed @ @9 @1 guen 272

COREIEREEREIC] (@) AREY (M) e

T e X frefetea o 2 -

() THH i e forerg & 9fa e e 2
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(@) e TWH T SR W gE w9 % GAE 39 § W@ikd 8 S e

(M) =& X % T faeen § Wig H,SO, e st 8, d U s Z i vad fohked
RG]

I sAfufswanet & gieor fafen ik X,Y 99 Z &1 ge=ntu)

1131  Sgfera Fetetor fifsm—

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

1132 CO TN CO, Feli o TYAHY o feIq Ueh Favmemen qen s sivenfe fafu dfsw)
1133 aNe9 o Selig forem 1 Yfd #ia & e 2—
(%) 3[EH (@) 3wyt (1) &RA (%) Tt
1134 @ik 377 oh FgeIhid B &1 BRI —
(%) THH! AT Tpid B (@) =Ed TR a9l %1 Iufterd Bl
(1)  THH THARA TH B () ot SAfafd 2
1135 EEaNA ® €A 1 Ghi0l hF G Bl 2

(+) sp (@) sp? (M) sp? (%) dsp?
1136 SSANAHT €9 ¥ FHET o] Haifus @Rt €9 ®49 91 32—
(%) =W (@) YoTEe (M) FeRE (F) HiFe

11.37 fr=feafed & 9§ 9qg-14 o ol & 0 9 @ FHeH T 272
(F) +4 e y&fiE & )
(@) +2 qU1 +4 SFFHRU e YERE H 2
(9) M2 q& M* 3P 9 2l
(%) M2t qen M+ 3P 99 2l
1138 afx fafersria-fmfon  wrfiss gerel RSICL, 8, @ 9 a1et 3g 1 |1 st
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