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TR W < TR hH Bl B p-sciish oh awel g SIS S el
Hewaqul ATerdfieheor stereernati sl GRoft 11.1 & <wifan e 81 |RA,
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ARUN 11,1 p-sciich o dval ol AHT FHaE(+eh Ta-ITd U SITaRITeRIUT JTawaTd

e 13 14 15

16 17 18

T
ENERIRED
fom=ma

ns?np?

ns’np®
(He=r fom 1s2)

Ea’)—r
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(@] F He

SRR 0T 43 +4 +5

+6 +7 +8

S iCasicruw +1 +2,-4

+3-3

+4,+2, -2 +5, +3, +1, -1 +6, +4, +2
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21, e SO S Srget % T o Hed S g

p-5ieh | Ucdeh |G 1 U8l TeH 3T TRH
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T SHY RO S Fft 707§, S SRR R 73 7| 2
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F1ohael p-scfich o ddl TR N TEd Hewaqol figeTa,
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T d-shefen] w1 Sufefd 8, St fgdia 1o aeh o aeell
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IufEerd eid €, Sl Sp el 45 Sell-& o WL BId © | 3
d-heTeh] T ITAN A GU oA STed oh qwdl Tq1
GrSTehdl ol IR W 3Afeh a1 Tehd &1 SH—T8l aiH
@ad [BF,|” @A a°@ ®, 9l uaHiTan
[ALF, > 3T 31 81 37 d-hefeh! &1 Sufeerfd Ted
a<l (Heavier Elements) o T Rl Eb_s‘ T Yh X
Y YT el B TR TS d—helehi o1 IUeTeddl

FUTcHhdl B ogd S 3R Bl 81 Telfedreh & efedreh
o1 § WREd i $7eh g1 ST T SRS i WHhid
% SUR T IR S Gehdl o1 ek sifedse
IIEH Y AT A §, Safeh difcrsh SHeES
A Thid o Bid B

T UG 51 Tl i 1 9 I i &A1 i G
T | HIE 1 YT G 31 ol TS U W ok
Y (IFEIML—C=C, C=C,N=N) T & W T
% Tl (ITEME-C=0, C=N, C=N, N=0) o 91
pri- prSESH T 1 &l § e Tl 81 TeaR dee
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F 1 9 I T, WY T d-HEH (dn -pr A
dn —dr) GfAfad & &1 dfk d-FerRl w1 Sl
p—%&ﬂﬁﬁﬁ@&f%%ﬁ?ﬁ%,m:%ﬁﬂﬁﬁa%
Tl o pr—pr S8F FT A H d-Heeh] 1 T
¥ IS FH T €, Teilieh THH ARl S
el TIH FEH Sl ol | ek aedl Sl STHEHANSS
T Afie B Gehdl 1SS - +5 SiadR
e | P qe N ! Sl B0 NO, (n—3 o6
Y T ITEEEAST | gfiHfad #d gU ST o
TH p-hefh 1) T PO (s, p T d F&h| hl
n-s H WHAfAd Hd g) T &1 T THE H o
3TEd WRON o T8 13 41 14 oF Tl o W &l
STEIA |

11.1 99E 13 o a9 : S gRAr

o W 59 e o oY ge el YR i E1 6

(B) U WRETYeh 31uTg ®, UHIom (Al) g €, TRq
geh 3 THMERS TUH SR o THM §, SEfh

WA fogm

o™ (Ga), 3fea (In) @ Sfemw (1) ToreEt o
S quld: o7 €

suftafa 9 T 3@ W B 98 qE:
AR 3 (H,BO,), S (Na,B,0.-10H,0)
q I (Na,B,0,-4H,0) F &9 H It &l 2|
TOR <9 H G P SRS (SER) qe1 WiR g
(Toree) o faern ©1 9-9ddl (Earth Crust) ®
dR 1 SEedl 0.0001% (9ReHR) ¥ Ff w9 2l
TRA o I FEEE €9 1B (19%) T 1B (81%)
faord €1 Uit 9 g-qdd § S (8.3%)
Falfuss B qReHR €9 G T8 J-qdd W e
(45.5%) a1 fafasa (27.7%) o WRE GaEiw
T WM Al dd ¢ UqHEE o ggE |
(ALO,. 2H,0) T HEEee (Na AlF,) 3T T
TR 39 § UE GEId: TeA YT, FAlHh, IS qell
S S9E (Mica) o ®9 # fHern 21 diferem,
gfeam qen dfeem gsfa & =€ wgd w8 &0 o
foerd 1

WRUM 11.2 WHE 13 & dval o WATivaesh ud ifas Tor

EIRiE et s Tefram HERL dferam
™ B Al Ga In Tl
LT IR 5 13 31 49 81
] g99H/g mol! | 10.81 26.98 69.72 114.82 204.38
TR T [He]2s2p' | [Ne]3s23p' | [Ar]3d'°4s%4p' | [Kr]4d!°5s25p' | [Xe]4f45d'°6s26p!
] 541/ pme (85) 143 135 167 170
CIPEIREER | (27) 53.5 62.0 80.0 88.5
M3+/pmb
St e - - 120 140 150
M*/pm
EIRER] AH, 801 577 579 558 589
Tt AH, 2427 1816 1979 1820 1971
(kJ mol) | AH, 3659 2744 2962 2704 2877
TaE[q M 2.0 1.5 1.6 1.7 1.8
¥ /g em 2.35 2.70 5.90 7.31 11.85
298 K W
el / K 2453 933 303 430 576
FaUAIHR/ 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 (s/™) | -0.18 -0.34

-1.39 ¥h)

“yifeara 1" 6-3TGEHEISH, © G Thel
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TE—13 o Tl 1 9l SeeRie {98 ns?np!
BT 1 o1: 3@ UUE o el o golaieh faerd
Hom T THEl o vl k1 g | (S THH-10 |
feraifea feren T ©) eAfues ifeet B €1 Seieie
fomme o ISt 31 39 W oF qdl oh o TN ae
T el o TEEA 1 giferd Il 2

11.1.2 uwHTe] e

e | Y IH W YIE HAFG 95 H sl
F TH H A g T wWH] B wogfg
e BH o e foreer @1 S "ehdl Bl Ga
#1 WA Gea Al B wEw] Ge @ wm @
3MaAek e o ToaR-e fo=meg o I8 J@1
el © T Nferaw § sufterd stfafied 10 d seiee™
¢ U AR A& T ol § ol seaedl W
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AT d T f geial o R €, fent afer
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11.1.4 faEq woTTSRdl

TE-13 o dwl i o[ HOMcHRT o § SR 9
F= SH W B W Al G Sedl B qeqved S 9fg
B 21 T et MR | sifafid gfg o wro
BT 2l
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F AN IeoEAE €Y Y HE W@ ¢l 39 YR U
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SRR fomrg I 3 o folu U o= I
TEUT Hich o9 TRl o GHM SRR Hid |

g | SR ¥ 9 SH T THR | ghg oF HRO
Ww%wwwaﬁwﬁrwﬁw
B IR TEFARTZS LAYk STHIFET T Teh TehTehT
TR W Te . BCl,.NH, STHeddN
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NH,
01\ |
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o ca” \ a
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9& /01
%mﬁmﬁﬁwﬁmw

01°
79°

ed §, 37d: 9 Sol-eTuEied 8 W 81 Seeione -
YTfcaeh IRFANES Sl 3TTEeH W Aqohclehd TR
[M(OH), |~ ST &, Sf&T M T Heh0T 3TaEN sp? Bieit
2| UqHIT FeiNES it Sel-STueed i W
STREHARA S [Al (H,0),]* TEF a9 81 59
Tt 3T | AlTh 3d e 91 od 21 399 Al &
GHUT TN spid? B

IO 1.1
AI** /Al ©@ TI?* /T o foiu o soiaie fasa
E° %H: —-1.66 V T + 1.26 V & faers o
M>* STF S 6T STHH ST U ST Hrget
o YHfdl 0T i G il

&

I eI o HHEE soieRrs fave aa § R
TgHifem § A% (aq) 3TPR a9H ®1 wgfa
s @l ®, Sete T foorem o 9 fad

WA fogm

sl ], dfesh Yol stidins ot ?1 em:
e & TI° &1 qor | AI* sifuss <ol 21
+3 3P SF o HRU UgHItEE SfdEm w5
qor § At eefaedt 2

() g % ufa sthuferarsiierar

fopeetta wey o SR ifwarsiial 81 91g o daeh o
3 W UGHIEH T T8 W SAES i udel 9Xd
o7 S 7, S SR Ak & B9 W o1g 1 Ak ¢
e IR qen UgHifem arg & dush d TRH
fohT S W %AW B,O, T ALO, SN § = A1
W ¥ SIS o WYl R U W AEES S 2

2E(s)+30,(g)——>2E,0,(s)

2E (s)+ N, (g)—>—>2EN(s) (E = T)

e § T SH W TR AR hi Yepfd
aRefda Bl Sl 81 9 EeiieEs Sl wahid
F1 Bl © a1 G (i) s 9§ fama
ek Hlfcieh SN ST 1 Uegeifae qen difersm &
RS STAUH Yhfd o B T, Sfe gfeaw den
et o SfeEe UeHl § AR Wehid o g €
(ii) 3T Ud &R o ufa rfuferarsiterar
S 3T W & o WY IS A TRl e €, WY
THifm @f st st qen selta &Rl o S S 2l
Whetd: Uepifem Seerert 7o wefi s 21 UepEtEm
a3 HCl H Teioht SEeTgeH Fehifid i 2|
2Al(s) + 6HCI (aq) — 2AI%* (aq) + 6Cl (aq) +

3H, (g)

g AEfeh 3T Al i Tag W SRS i
Tag s 39 fAfeRg X a1 @1 Uoqeiifem s
AR @ fora hich SIZeReeH faEfsa wid Bl

2Al (s) + 2NaOH(aq) + 6H,0(1)
d
2 Na*[Al(OH), I (ag) + 3H,(g)

WW

UdfEe (I11) 3T
(iii) TS oF wfa sfaferarsiiemr
TII, % BIEH HYE-13 o T galiod © fohan #Th
MRS I &
2E(s) + 3 X, (g) = 2EX, (s)

(X=F, Cl, Br,1])
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ISR 11.2
Fsieia TqHITE SANES i diad oh 9/ 3%
Y H 9 S &1 $UhT HRT AT

'

frsteitar Ui FaNEe agHsa™ 6 o
it ST ®9 Y WA Tqsfed iR HCl T
forafSi e 21 g% g HCl 9d ¢F o &9
¥ @i it R

11.2 S0A et Ugfa qom 1E6Td
A

Tg-13 o T o TEEH FOER HT ST HH
W D HewqUl qeT WEA A §| TH HUE o Gl
adll o IRIERIES, SAUES U6 AAeRe gqas
Wi % B o HRUI Sol-Srusied g S &1 9
o Jfafed o= 9t I i agohcishia Teis
[M(OH),|- T ST<hetehia [M(H,0), |* e Seftd
faerem o Sufterd wd 2

Kiciicad Teheleh (Monomeri) EIIE%?@S@RT‘T
I M o HRT YA TR A o THM IeR Hd
€1 9 &R (S9-NH, 1f%) T% seideid I™ TeH
F UG ATt o Sheld TRATY] T 37k 00 Hd T

F,B+:NH, — >F,B « NH,

AR W d-hereh STufeerd @d € held: SUeh!
Aferhan HaANSTERdl 4 81 Gehdl 21 Hf Al T o1
Tl H d ek SUferd B €, o1: T sifudhan
TSR 4 9 3ifush &1 Gehel 1 SRR 317 ¥
AT (IIEIMG—AIC]) TG TeloiA T R
fghaeta &1 S § (ALCl)| T o1g iRl § e
TS TUsT W Tolagi TeU Y ST T Ui
FW B

SSTETOT 11,3

IR BFS 3T &l o1 ekl 1 THhT AR
i

&'A

dRH H d-herh i guftefd & wRU T8
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T oTe® w1 TIR F § ormed Bl 7
3d: THHI AfUhay FaShdl 4 9 3fuer &l
B "l e

11.3 SR o $® Hg<AYUl Aifieh

G e S A v apiry e
el SEERA &1 9ok LI 1 I1HIA B9 HeY H
Eauf

11.3.1 SR

TE TR 1 HEU AT B A€ T et o
€, fS9®T 99 Na,B,0,.10H,0 Bl 8| qedrcish &

¥ T wwhEE sEEA [B,O, (OH), | &t
3T TR SUGH T Na,[B,O, (OH),].8H,0 Bl &l
IR ST H ARl & e oA 2l

Na,B,O,+7H,0 — 2NaOH + 4H,BO,
aneffeifien 3t
T fFT 9H W IR T8 A ok ] H
fTSRTHA Xl © 921 e ST ¢ g TRA Rt ST W
TE T UNEY 5o | UREfdd e Sl ®, S hid o
T U 39 ¥ qfiafdd 81 Sl 21 SY SRe eht
(Borax Bead)%ﬁ%—

Na,B,0,.10H,0 —>—>Na,B,0, —>—>2NaBO,
Hifegd HerEne +B,0,

i TTRTESES

fafsm dequr aeal o Hereie 1 fafire T g

2, e SMYR W 2 dedl 1 UeEE H SR Hh]
THETUT (Borax Bead Test) &1 YA YIRS |
B B ICEONY - IR H hlaee SATFEE
(CoO) o H¥ & o) T TRA foharl Sl ©, 7 el

T 1 T [Co(BO,),] T &l

11.3.2 3MATSAHR 3TA

ST 37t H,BO, T ¥ad feeet 34 i 2,
et @t wel g ?1 A% S A steufaem,
W TH A ¥ gl foem g R s aRew %
Seftd forerm 1 STiiehd Hteh Sl S Hehdl 2

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

27477

T SR ob AR AMTehi (SH—2eTES, TESES
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3MMR) o SIA-3TTeed g/ (ST a1 Jaal 3TFd |
a1 teh) AT S Gehdl B1 THHT WAA G
=t €, el BO, #1 ShTgal BIsSem 9 5 I8t Tt
& (fe 11.1)1

¢"
H ’

|O/
“H B~ .
~ o (I)
lﬁ H

.0 (@)

- H™ g~ > H
o B H. -~
@) | O

H lB H~ 0. é
SNA” P H
o ~NO ~o~ ~0

g g

forg 11.1 9IR% 317 %1 GC=A1 9 fagga i@ gEeio
SEY H1 G FAl B

e Tl Tk gl &I ST ®1 T W
e el ®, W eregiiede SEH 9 Tk goee 9
TEUT T o HRUT T5H A 1 Hifd AR Hidl B

B(OH), + 2HOH — [B(OH) |+ H,O*

370 K ¥ @ifys 99 W T fer S W
et ol Wereifiis e (HBO,) S1aT @, S
SR eifus TWH wH W AR e (B,0,) #
afafda & s 2

H,BO, A, HBO, A, B,O,

ITEIT 1.4
qifeh 3T 1 Tk gl 3T Al WAl T §2

&l

Hifeh 3T o1 Teh gl 37 THITT /AT 01 €,
Hifh F8 A W[ 1 FehrEe el S 2
IE el oh AU W BEGNAA P (OH) U
HTh ST ST YUl T € qe HY Frewifaa
F T

WA faam

11.3,3 EEERA, BH,
IR T A1q TATH TEYRES SEARA 21 38 SEUra
ge 1 Suftfd § S ZEHRISANES H1 LIAIH, 9
[ERCTCaCE Rl NI
4BF, + 3 LiAlH, — 2B,H, + 3LiF + 3AIF,
TN § SEaRA sFM 2q difead dRieEgEs
1 SATRAHTOT SN o @i fman S @)
2NaBH, + I, — B,H, + 2Nal + H,
fEfiTeh &9 ¥ SEERA SR TEHISANES qe
Hifeom gEgEe &1 fHa g/ o=@ Sl 2

2BF, + 6NaH —22°K_, B H, + 6NaF

BN 3Feid STedell TR 1 8, foreht aeerie
180 K B| 7€ a1 o Hueh § 31 W w@F wel 33t
21 Te ATl 1 Sufterfq H st e
IS HT Y SeAdl 2

B,H,+30, - B,0; + 3H,0;

AH® =-1976 kJ mol ™"

SYHTY I=a aRA +ff a1 oF Huh | M W
T Sie o 1 SR STel o T Al ¥ Sl 3TEfed
SRt it a7t T 2

B,H, (g) + 6H,0(1) — 2B(OH),(aq) + 6H,(g)

TRANA ¢Ed &R (L) o @ fagem sifafsan
W TH AT AR (BH, L) <@ 2

B,H, + 2 NMe, — 2BH, .NMe,

B,H, + 2 CO — 2BH, . CO

TEART W A @ eAfufear ¥ URY o
B,H,.2NH, 31 2, 5% 9 [BH,(NH,) 5 | [BH,] 51T
TR fear S 21 e IR ek TRE B R BN, H,
<1 81 30 Tehick BH T NH 9981 o 9% -G
o Uiged | AehTeieh sisi (Inorganic Benzene) EQ
9 A A €T

3B,H,+6NH, — 3[BH, (NH,),*
[BH,] —2€t ;9B .N.H,+12H,

SRR &1 A &1 97 11.2 (F) g/
<9I T B sed fierel W gTEgie IRAT] qe
T S THTT] T € q W Bid 81 39 a9 o HW
dern = 3 IqaY (Bridging) SEgISH YA g




p-sieh dw

2| fe™ =R B - H 99 9= fgans - Tesarae
(Two Centre-two Electron) §¥ EEI] % SEIER
Aqad (B - H - B) 94 foe R o g4 8, o
‘Trehgia fozaiaei a4’ ®ed €1 fe 1.2 (@)1

far 11.2 (%) SEaRT %1 (B,H,) qC=

H H H
VL VO RENC
S~ B B
& @&\ N\

H H H

(=)

forg 11.2 (@) TEARA | S¥F| SEART § Jd% aRiT TRH19]
sp® WW%IWWSpBWWW'ﬁ#
T geiFRiRIed glal €, 178 fagsa @il (Dotted
Lines) KT 59141 741 81 fiRaret B - H QE
e g f5seiaziv (2c - 2¢) 4 &, Sl 5 Qe
(B - H - B) Fabsa-fggdiaziq (3¢ - 2¢) 81 54
‘ST’ (Banana Bond) 9T #&d ?\’I

TR, TGRSR i Teh @ 1 007 I
€, fogd wgeheria [BH,| 3@H wq@ 7| fafm
HTgetl o JCEEgEeENe T B ofifeaw qen wifsam
% EESESENE I ARIEEgEE W Fed T 3%
T BIESES 1 SEUATEeR &1 ufer(d # SEand d
Al ek SN ST Hehell B

2MH + B,H, — 2 M* [BH, |-
(M = Li 31279 Na)

FHTafeh FYATON H Al LiBH, de NaBH, 1
SYAN ST o T | Bl {1 3T e dREREgReS
Eici| 3% TRfYes Teret (Starting Material) & ®Y
o SYgnT o @ S @l
11.4 SO, USHITEH 99T 3R

SRl oF SUART
e Terieh, et s, e SrgereeraRan qen srefues
ETI (Refractory) B o RO SR o 3H STjFIﬁW

309

&1 IR 99 (Fibers) &1 START Joigy® Sfehe T M
H qen g o getoh e qaref o frafor & g #)
ARA-10 (1°B) FHEAR H M- 3TeRIT0T i AT
o &l Bidl 81 3Ta: ATehta ST | wifeeh dge!
FT I YFRETT Fa= (Protective Shield) el
IRREED @@ (Control Rods) o ®Y H Bl %I EirEa]
a Sifeh 31t o1 q&A S SYANT S=d A §E
i (Heat Resistant Glasses), éﬂi—w@m (Pyrex),
T qel hIEe TAE S W Bl €1 SRe &
U HTgat o <Rl T (Soldering) ok feTT TMeTeh
(Flux) & &9 H; W, Y&l (Strain) a1 @4-
HieRieh et o sad o F | ud eiiuusgd "ed |
HZeh o &9 U Bl &1 diileh 3T oh Seitdl forerd &
UGN EE: 6S e o ®9 el 2

Qﬁ"ﬂﬁ'ﬂﬂ TSd vod (Silvery White) T i Teh
Toehicl W €, foed S=9 @ wmed (Tensile
Strength) Bl B1 THeHT 9gd T SO =cishdl 3=
Bt 81 ¥R ¥ 9N SR (Weight to Weight Basis) ®
Tqifem &1 =ehd B ¥ g e 21 S
Sire den e o UHfEm w1 stcfuss 9T g
21 98 Cu, Mn, Mg, Si @1 Zn o @Y fH961g 1
fmfor e 21 UgHitEm qon gEeRt fasemge w6
fafere ampfa (S9-=Y, Tg9, B, T, W, <=
afe) <t S ekl B1 SHY SEehT SYANT & SHH o
=, fmfor, U, gar St qen FaEE sa §
W%I %Wﬁﬂﬁﬁﬁ?ﬁ (Toxic Nature)
Bt B1 1d: o] Sl § UgHTE qen 6ok ARt
1 I Y BH O B

11.5 @UE-14 o dxd : <hlad
garT

F1ad (C), Tafesa (Si), st (Ge), feT (Sn) den
o€ (Pb) TS 14 % qd I HEA -qdd H g
aﬁwmaﬁa@w (Most Abundant) a\'_"[%|
T YPid H W Td e STaeel | dagared § ar
S 21 qed STEE § F8 e, Yhige qen g o
fierar 8, Siofh WY SR | TE UG HIeHE,
BTGB q a1 H Hie SEFES 19 (0.03%)
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% ®9 § fHerdl 81 98 F8l S Ghdl ¢ T He TGR

WA fogm

fafeer &1 YEad TR HT ITAN el qen

1 Fad == % €, S 3 awl (SE—SEeEgN,
TESTFSH, FARM, TehL M) | I Hich Sifod
Tl ¥ TAISA U WNfEd qeh 1 HIO S 2
SHTsifeh TR o e o Afiehi T enfid 2l
78 Sfiferd WO =1 STEwde Seeh €| Wiehfash &9 9
e o Q1 TR wEEenfies 12C g 1°C T
aor oifafigd s o= meenfass 4C oft Sufeer
TEdl B € Woh Aeafaee queetes 2, foet ey
5770 o T TEHeR I AeA A HAHA (Radio
Carbon Dating) ﬁ%ﬁm%ﬁqﬁm&—qﬁaﬁa@m
Y R SHEre (27.7% WR §) fgdE o 2 g
yehfad § faferer qen fafeehe & w9 o Suftem war
21 7% fafersa, ffuss, = don @io= =1 qewyol
Teh ¢ SHiEE Sifd gem e ¥ Sufted T ¢
e o @ (HfEeee), sno, fet | e o
(PbS) 3%F U o€ U fohal Sl €1 SHfEd qe

=TT gﬁlﬂ (Semi Conductor Device) Eicik:|

2l 2|

Te-14 o Tl & Hewqul WAEg Te difasw
TOT el 3ok geteRfTeR for=me WOt 11.3 | faw T
T | WAEE, ifde Te TEEte Ol i e
= w1 W @ R
11.5.1 IAA(+eh fa=ma
THE-14 o <l 1 GANSTRdl I SAaie T
ns® np? B 81 3 99E ok Solaie fa=rg o ot
A i f9=1 g 2|

11.5.2 WEEANTHR ==

weq 9 fafaeT &1 gedass G § SeoeH
gfg a9 Bl €, 9 Si ¥ Pb q WEEdiSeh e o
a1ifyrer gfg Bl B1 d- 91 - shemehi o quigRd
o HROT UET Bl 2

URUM 11.3 WOE 14 & dval o WHTUaes Ud sfifas Tor

ot EaCE Tafee s fes S
C Si Ge Sn Pb
QIHTI] SHHTHR 6 14 32 50 82
THN] §F9M/g mol | 12.01 28.09 72.60 118.71 207.2
3; FIR [Hel2s*2p” | [Nel3s’3p” | [Ar]3d'°4s’4p’ | [Kr]4d' °5s°5p° | [Xel4f ‘5d6s’6p”
HeHaSs a1/pm” 77 118 122 140 146
st s MY /pm” — 40 53 69 78
st B M*/pm” — — 73 118 119
SIPEE 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
IEESNERIRETIN 2.5 1.8 1.8 1.8 1.9
T /g em 3.51° 2.34 5.32 7.26' 11.34
g
T iR /K 4373 1693 1218 505 600
FaLHH /K — 3550 3123 2896 2024
forgra-vfaeman 10"-10" 50 50 10° 2 107
/ohm cm (293 K)

MV sitadietor sTeRen & faw; © 6-3uwegdsie; Cuifer wraewH; 1293 K: ¢ & faw; dwEe w1 vHE 2.22 ®;

JBET (FW & a9 R TR |



p-sieh dw

11.5.3 3TEEA T=Eredt
Te-14 o a7l H YW NI TUd ok HH
Te-13 o WA el 1 Ten 3t B B

el R ot eiafeh i ol o1 g9E gReferd
Bl €1 HREE T | A WM W e et
i 21 Si ¥ Ge, Ge ¥ Sn % 31eU =dl TS Sn
H Pb T TcUdfG, AEHE d A f Seiail o gaal
UFRETOT YT T AT ok 9 SMHR H1 TRUMH T

11.5.4 TI=IA SHOTTEHRAT

BIE TR o HRUT THE- 14 F Tl i Torgg FOTHR
%1 T E-13 o 9d al i Tagq oAl oh
M W el | 3tfush gl §1 Si W Pb ek dwell i
fogd FOTcHhdl 1 A RIS UM il 2|

11.5.5 ofifaer ToTent

TE-14 o gt o 3 B shrae-ffere e16Tg SR
SfEE SuuE B, Sl fo qe1 W %u oS
el GelPm o1g 81 Te-14 & I o Torld Td
FAAIHR THE-13 o @l o e Td oS Hi
qor ° efues g )

11.5.6 TEEeR IOTH

STERATRTUT TERAT AT TR TfsRansierar
EIREIR

TE-14 o a7l o SRITH HIN § TR SR B T
T Il G AT +4 T +2 STTihuT STael
T STl €| hie SRUTCH SATRIeRTul areeen off
TG w1 T SR Jom AR STEA Tedt S A
i I= BIe1 €, Tq: +4 SRl fereen | 2Tfuehay
FifiTer TEHAeS FHq o B ¢ 39 UE o e
Tl § Ge<Sn < Pb %0 H +2 TR0l STa€en
eSS 1 TG agdl Sl © | FeHase hie |
ns? S o dUF | 9 &l o oF SR I8 Bl
21 9 2 SATRARTo sTawensti w1 Trifarn wenfae ot
o gitafda e 21 shred qen fafesd qemE: +4
SAferfteRToT Sfere YR i B SHEE & +4
SRR ST TR et 7, Sfeh Fo ARl |
+2 Sedietor seen off fyerdt 21 o et <
sraeenati | AfTeh oFar B (+2 SRt sraee |
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o o= o ®9 H o1 T €)1 +2 e
el | wie ok Alfeh Tl B €, Sefeh Sl +4
e eIt TR &1 TGS STewen o 370] o
SHET TRHT] WSS SO B ¢ [SImg— (CCL)]|
ToIeR afgul 219 € o RO WA STl
I SASRITRTd TSl i 3TUer 39 el i Sl €l
Zfd e T GeGarSiehdl +4 1 IfaswHor &l
FX Tohdl T, W TUE o 37 I UHI i &1 I8 37
dwdl | d-hee] 1 IURRAfd o HROT BIAT B TE!
HR0T € foF T ool o SciES Sel 3T9EEA o I
A TI¥IS (Donar Species) ps| 3@3@7"{ TR Hich
Tpel SN | SN - TR [SH-(Si F,
GeCl )}, (Sn(OH))*] T =it 2, foor sl
WA sp’c® HehRiid B &

(i) 3T o ufa srfaferamsiterar

39 T oF 9l e SifediSH hi Sufefd | T
fohy WM R AfEe s &1 A gErE: d YN %
B E-HFIATRIEE qU SEIUES| $9eh g9 HA:
MO T MO, ¥1 SiO 1 I shad == I
W Bl Bl IeU SR SEe A SAfedEe
= offaRfientl oTaeen ol SAfediss i qorl |
FAE YFEA F T T eESERE (SW-CO,,
Si0, T GeO,) 3TA ¥, S SnO, T PhO,
Iyl WHfd o B B HHeEES ® CO
I q91 GeO =A™ &, S@ih SnO ¢ PbO
Iyt €l

IIAT 11.5

TYe-14 % 9 31 95 (A ==) Hl AT, 5

() o9 sifie ol eEsiiedEe aam ©;

(ii) THIC: +2 SRR afereen et 2;

(i) STE=TTH (A1 AGHTRI) o ®Y H FIT o
G IcEd

B
(i) e (i) IS (i) Tafaessa den swEm
(ii) ST o Ufa feramsierar
wTeq, fafaesa den sHf=m S o gry gfad &l

B 21 T, Wi i faaifsa o SEstieEs oaam @
TN TEETESIST T I B
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Sn + 2H,0 SnoO, + 2H,

ofE il ¥ g Wl g1 U e SeEs
1 &7 fthed (Protection film) EEeico _OI'TI'{'UT%)HT%I
(iii) &elem o wfa srfafsmrarsiierar
THE-14 % 9 MX, 991 MX, (X =F, CL, Br, 1) ¥R
o TS S ¢l e oh AN 3T T wEe
Suge gRfeerfaal o eeem @ foman wieh @Y gase
T F1 AR MX, FegasTh UHfa & B & =
TeAgEl H She WA sp? HeRid Sfe€e § qe @1
TUFEH A ST T B ¢1 SnF, T PbF, 3194 B
¥ A W F e 1 Pbl, o1 fEd T E,
iR Pb—1 59 (S URH H el €) Tal ol Sca
el T uTa ® TR 3HH 652 Sela 1 T € Heh
T Tk SO o 3od el | 3ue § 9R Tgfma
STF U B Weh| 39 W8 % Ge § Pb T &
eI T MX, THR o T o9 H o vofa
T & THEfTR T S T o SR W GeX,
F1 JAN H GeX, fUF TR T, F@F PbX, H
JE | PbX, e TR € 21 CCl, % ik
9 g JTRAEe A § S TEfed @ 9§,
Ffch Shard TRATY] ST oh SIS WA ¥ d- HEeh
o TR SIS T TS0 HY Hehd T

SICl, %1 ST TR Sel-STGET Hishal hl
THAT S Tkl €1 A Si o d- Feeh H STt o THTeh!
TR I TR I SiCl, TRfAE dR W A
STyEfed BT ©, @ fad: SiCl,, 39 YR Si(OH), #
Sl STHEfed B S 8-

Cl
|
. ~ — HCI
Si + O —
a1 a + OH
Cl
Cl OH
| |
_si_ + 3H,Q _si_
o | Son -3HCL y4” | “oH
Cl HO
Tafatges st

WA faam

ST 11,6
[SiF>” ¥ 8, SWfh [SiCl]> =6 21 Tk
Hofed RoT S|

&'A

U &I RO fefefad g

(i) fafeera 9] F1 SHR BT B o HROT
3Gk IRl 3R FAH oF ©: 98 MHR et
TR Efed e 8l U 2l

(i) ORI URAY] F ehlh! S JTH qefl
fafee o] o 7 oI fopan sifek
T T e 2

11.6 <RI et HgwAYol ggfaar
Td MU g

3T TEl o YW UH Hi Wifd $9 UYE K YW
TS hTe 3T T oF 3 Gedl | f9 =esr
TSI LA €1 $Eh B 3R, Se9 fagd Foresha,
IeE A T G d-heTehl i SucTsudl oh
HTU TG Fe 2

FEA H Had s— qT p-helh &l 98 o fag
STT WA €l o: I8 W AR R Shad =R
Q@EE;T:T qJH R EIRIISG (accommodate) sh¥ Hehdl
21 & HRUT B o gHeRT Afuehan HestRar =) et
€, Safth 31 WS d-heTh| H1 ST o HRI
AT FASTRal § ghg H o B

HEA H W | 1Al Bl STHR TH o7 Tagd
FUMHSHA alel 3T TH] § pr— pr FgaY A i
Afgdra & (unique ability) Bral %I C=C, C=0,
C=S, C=N 7% 30 FF I 2| 30 T8 &
IeIR S pr— pr 9Y TEl S ©, iR oS a
foafia (diffused) TATETT Hefeh H oF SR A9
Tt stfaea &l g 2l

FHE § T TR oF 91 GeHdsh 99 gh
S[EHY Al @l A g S F1 9g Bl {1 59
Ygfd T Y@ (catenation) FHEd gl c-c 5y safus
AT §H o SRV I8 Bl 1 o H SW g e 9
TR FEal g7 SR T St g8 (g FOMcHbhd o6
HIU J@eH 1 G T S Bl W d Tt
T ¥ TId: FHE ST Tkl 21 T~ 14 H @ H
FH C>>Si>GellSn 2l B1 g S@er &l g9 21




p-=leh a<d
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£ s T / kJ mol?
CcC—C 348
Si—Si 297
Ge—Ge 260
Sn—Sn 240

JGAT A pr— pr a9-FAf07 &F FROT FHTEA
fafss stoey gerfar 2
11,7 HT&A oh 3TULRY

e o el iR sfweda-<H € ey B
£ &0 e AwTES He o | yqE e w9 2|
TH. T, HIE, & T de1 AR Th, hel (HW.
Kroto, E. Smalley and R.F. Curl) 7 RGN 1985 H
HTe o Teh 3T &Y GORIA 1 @IS 1| 36 WIS o6
FHROT T2 T 1996 H Ao R I8 fRar T

154 pm

fer 11.3 811 &1 G&=1

11.7.1 &

TR freeia Sets 81 21 398 Jeh TRAT] sp?
GHd BIAT & a1 AR SAafa o 9R
FHTe TAVE | ST Wl B THH hIe-hTe
A 154 pmﬁ 21 FHEA TLHTI] <& (space) T
3¢ fIfadta S (rigid three dimensional
network) &1 fafor 21 39 9= (e 11.3)
o wyu Seten | feiees Fewarsh §e Sufterd &d
21 36 YR faeqa Hedarseh s¥e i argAl Hhisd
1 g1 81 31a: g et W U 5 o1l Heifes
FIR T B1 TR TN ¥R A F ok fow
qeHeh (abrasive) & ® Y, TG (Dies) EEinik]
den fagq-gse ow ® SMRA dq (filament)
T B 2

ISR 1.7
W H Tegded g oh 39Ud o S
B 21 A2

&

N ¥ A5Ed C—C Sugaa A 9= gt
2, TN9 digT w16t Hfeq e €1 o7d: gHe
T 354 Bl 2

11.7.2 dwEe

a'qu?gE AT St AT (layered structure) Bt %l
¥ T IretaTd 99 gR I Wl 21 & IRl o 0
aﬁiﬁ340pm%ﬁ?ﬁélmwﬁaﬂﬁ?m
EEEIﬁ'Uﬂ?I I (Hexagonal rings) o ¥4 H Safed
e €, e C-C &% @ 141.5 pm €l 81 TZh i
aerd o Ycdsh shieH TLHTY] (sp?) Tehiid Bidl 81 Y
THIe TR FiA fehead! e qRaETopsTl o @ far
S ST B1 ST AT TR p-sie S Sl Gl
A | g foreigd B €1 Seiei Tfdeier B
&, o7dl: Thrge Tergge sh1 Gelereh Bil €1 IS i el
o qd § ST 9 drel S Hehdl 81 98 SR § T
UHIEE e (soft) 7 Taeh 1 (slippery) el 2l
I=q a9 W 59 7 § 9 &1 94 T8k (lubri-
cant]%“&qﬁﬂﬁﬁw%,ﬁﬁmw
ek 1 HE Hl 2

340 pm




























