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& b
J}"’ i/’/fb/l: ‘L'J:!{ <¢/,,/fb/9}f/{r(Anima1 Tissues)
- dlad& ARSI 151!

(Isotopes of Hydrogen)‘g("é cﬁufb/@ 9.2.2
A2aDL 2 AR YN g AL L Pk
PSS AT S E e LT T
JQLJ} Jdiﬁ/d/u}lfx: LL/;)VQL?(’Z,: U
St 2) (23 - U IR U Fag P et
Lf-‘li‘.: i ";?',/b/}' uguﬁ Lf"{’» Z (‘c‘_ t’llt((f{d?uf%
&_Harold C. Ureyu’k;:l/p{/huz L liko e
4L/j'c u;@)df/@ﬂdzufw—b 2}&(}3{
Wit 1934

(Terrestrial) U%L‘L ﬁ};{ (ﬁ ( be o d/ gfuffg
—e b fu( HDjfi “/450.0156% - oy’
{/5‘ < (Radio Active) st ffb’ﬁ/b Ry ?J;})/Tu’
—e b, , = 12.33 Years) el p- L Jb15

fdud ve o F oLy au
Rate) A S e b L gl o f GFLl S lon”
(Enthalpy of ({64 § 321 kL £ i /2 gp
(9.1 Jug) = JJ/U: Bond Dissociaton)
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(Preparation of Dihydrogen, H,)
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(Laboratory [ uﬁuf& JU’ e ogqi 9.3.1

Preparation of Dihydrogen)

hil}g 3’5 »l 22 ¢«(Granulated) /b <b L/,: @)
-‘a&lp u(/.l.}':— J@LM!J}%/?@

Zn + 2H' — Zn** + H,

T i’g

ug}? < C‘{ML’% = Uil u’;l;g)l uﬁuffﬁf —
18l Jt & (Unipositive Ion) u:f;,,.’i V{/ful}?!
Pl L D hyei e L
- Z_ (Uninegative Ions) ¢/ 7

(b X Gkl Xl I T Z// d/u;lﬁ’} d}gcf‘ufb’%
G AT 8 U Skr £ Uik GF o
Y eI (' sl 5347 =4 (lonization Enthalpy)
ujb’&l ﬁ’fﬁ{r%} -8/@?}0/;(3‘ {:«.lgr‘} (}Lw)
FeLi-< D eibnlic Ui sk = UL
2311680 kJ mol1<520 kJ mol‘lyj'ﬂ'LAin/HZ/:’
< J&JV@!};, L}Ju%%-ug 1312 kJ mol!
(Covalent) h:f’/f .{ ; e =l l/l/ffg S J yedvs
e SOt AL Uitk e Qe Sy

sl U9 d;g,?/) (f(gfwf% fmg L =32
P flee Fille U o B entoe Uik
= gfufg -l lag,cgf/u': Juy ) :’/J’,J/‘L
/~1.5 x 10 pm> - waxicgu”piié.u’;gf
50 pm |- (Ionic)u.;T/}’U‘E'ﬂa 9 '//l/,: - Cl
WTH UL T e ﬂv/ e b L 200 pme
AL A LU o Ll L U M
Hd e LIS PO LA e
ECRIOEETEE-N (S S

(Dihydrogen, H2)H2ccj>'uf&/§(}’5 9.2
(Occurrence)c;’; 9.2.1

e AL pl e o U K8 Pai 35
d?.g/ﬁﬂa K)QD/JCHWO%K’-‘«:.{J(J&({K)
gf'ufb/‘L e Ul 4 && (Saturn) JVJA’ (Jupiter)
(f/?u.’)’f//c;,» Jwﬁu@@f‘:‘.mmf“vé c«}(
Earth P Ut =l os” s e (0.15% =)
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e /7‘&36510;;16/&2»75 9.1

42 Ry | Pkl e lor
10715 0.0156 99.985 (Relative Abundance) (%)< /“f C()
3.016 2.014 1.008 (Relative Atomic Mass) (g mol™) &g{ (j{il C‘V}
20.62 18.73 13.96 (Melting Point) (K) yljﬁ
25.00 | 23.67 | 20.39 (Boiling Point) (K) % 45"
0.27 0.18 0.09 (Density) (g L) =301
- 0.197 0.117 (Enthalpy of Fusion) (kJ mol ™) Uj B d/ -3 UJ/
- 1.226 0.904 (Enthalpy of Vaporization (kJ mol™) d X d/ /,:i‘“
= 443.35 435.88 (Enthalpy of Bond Dissociation)298.2 K (kJ rnol’l]/ d thlP 'JJM
- 74.14 74.14 (Internuclear Distance) pm/.l.-a 6 ay& 04
- - 1312 (Ionization Enthalpy)kJ mol™ / d P ﬁ Y4 by T
- - -73 (Electron Gain Enthalpy) (kJ mol’l]/ UJ,.W’J ulf'g I
- - 37 (Covalent radius) pm//jﬂcﬁj oy
~ ~ 208 (Ionic Radius) H- (pm)/ &9 T

¢ ! S0 e di& SBLED - (i)

J'Ila o J’"J (By-product) /sl ufuﬁ S J
St b o Aot

2CI (aq) - Cly(g) + 2724 35/

2H,0 (1) + 2e — Hy(g) + 20H*(aq):$’y?‘f

- J:)’,?/A’-'JQL}{

2Na" (aq) + 2Cl (aq) + 2H,0(1)
J
Cly(g) + Hy(g) + 2Na” (aq) + 20H (aq)

- L= 17725 :i}’ o~ J)}?}" L,( (Catalyst) b= (iv)

- (}n Las uﬁufb’g = J WL J/g s Kuffg 23/

C.H,,,, +nH,0—22% 5 nCO +(2n + DH,

CH, (g) + H,0(g) —225— CO(g) + 3H,(g)

2H,0 (1) “

_LL&CLQG/JL}’J{LJ@LUW'QTA’}%: (ii)

Zn + 2NaOH — Na,ZnO, + H,
< Eifs

L'/ngzui/s«é’j{‘;g(zjl; 9.3.2

(Commercial Production of Dihydrogen)

Wt Sior &Pl L e 800

AL O $ O g £ S e Kb}ﬂ('?" (i)

-~ &n’ a0 ﬁb/[. & (Electrolysis)

QC("E By

2H,(g) + 0,(g)
/L&'/Jf.bJJL/[L?A'/: 2 g 2 g

(i/ x| 315 (Purity >99.95%) 6 o3l st (i)
B Gl ccu}}b}/b’g’ LﬁJfb/U;/f&/l‘, é/: L}Tf/'/
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2000K I AIUE a1l J1E Pl e S
bl 27 95.5% /2% £ 5000 K2 < b 0.081% /24
’;/,L /,/c,xu(L/uLJUJLm’LliLG/H H-<
u)u,ct f!cL U1 -< (nert) d}’Jt&/ W/ =7
U)/LUL | (Electric Arc) J:’ d/ LI o i)l
-~ (}n Ly & 1L (Ultraviolet Radiations) ol
(&@ﬁ,+ft+ 19 U6 ko5
FES S L) g - G I AL e
6929 iy w2 S JES H L/ D La LS
- (}/ J S (Covalent Bond) 4% .:«5/; bv{ /"L/ -
- ‘?Clpd{c, c«ﬂ@dj:’g/ﬂ .Q{.(Jd?ufftbéﬂf
LS e X, Uithr o oMl g g st
o Qe
H, (g)+ X, (g) »2HX(g) (X=F,Cl Br,])
e o igTe b St 2ilSiie o s fi
-‘Lgﬂcaﬂ/}d/é/)“&é
&g,éﬁ)’w;gﬁff&u P ol ST 13
-< (Exothermic)lJ 703 je st Ju. - dt:
2H,(@) + 0, (9) <=2t 91, 00);
AHP =-285.9 kJ mol™
e Qb AL P 5 o s g 56 15
3H, (g) + N, (g) —" > —2NH, (g):
AH® =-92.6 kJ mol™’
Lg% Lr12s3L (Haber Process) U ly &y
_‘L;ég} (J_L‘f./,‘,
UPlos St g 7o sl s Jalad il S o gl
(955 (i8S e
‘Lc«lmd;gngulﬁ
H,(g) +2M(g) — 2MH(s);
JFOT  Jows o 00T glas jgh o o
S f/f_ ‘L}Jﬁ) U7 Jlm»' Ut me{, e
- (3/ (Reduce)gi;u: u?lwd/:.wd/cﬂd/(u.?J%

x|

-« bl (Water Gas) S 5130727 § Hy 5 CO
S B X il 82T, 6 Hy i1 O Sl
u'iLL S AL Ue b YUt il
S Hme s 52 G J‘& Je ¢l J (Syngas)
AL u’:’; :,,L!; dnu,; z,a/{ug»t‘g‘f
Ut & (CoalGasification) 255 S J 5o
C(s)+H,0(g)—***—CO(g) +H,(g)
I T K ST Ut B Ssin ST
e b P e JOL i

673 K

CO(g) +H,0 (g) —> CO, (g) +H, (g)

(Water-gas Shift s it 5 s,y f 1
Jlf M/K/Cl}fc J}L{J/t«fl’éﬁr‘ U*Z"’:Reaction)

_Ldla d/w,u

18% e f<1x (fwfu/l[ g:e/ T7% J& 133 0395
éus;/» 1% 43 e dif?& Y Juﬂ);dfél%cc—.f/
_‘L&ﬂflwc

(Properties of o los® d/ Uﬁui’& di3 9.4
Dihydrogen)
(Physical Properties):«b}“; u"b 9.4.1

(Com- /Jv U’/Um/d— B b@d— J‘_fuﬂ Ldl)
_c_/,b f/u"dbﬂa ua:. L J/bustlble]
_u.;d'/u’JUﬁQ.ldﬁga’VLF:ﬁ{)u.l:vW&.‘bd/u
(Chemical Properties)c«&a‘} J.l./:.’/ 9.4.2
(A B enk 10D T8 S QL P (13
(Bond Dissociation ufu?%l dﬁl?' U.z,v Ju’lf/ﬂ
-tk ..Lfc, Enthalpy)

H-H gj_éﬁ.wb u.l(wé uﬁ:’»é/"f’{uj
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&8 Uk (3)/;5 oﬁﬁ‘/{/?'/dw/! ggfwf@ &15 °
S St 25 L SENL o Il
-‘Lt'(ay/u:L/

Je s = QL Qiet o e S e
—c b JL*:"' KU~ .J«JL"J (Methanol)

CO(g)+2H, (g) "—‘[> CH,OH (1)

e en KT LI Z Uil e
_(9.503? )

Ll L XE P SR Gen JE6 T
< Ewr U

Uqu/LJ/TL Ul S uyd/g}sgjb&‘! KU1 e
cetwd LY AU S

A 2K Gt PasiV STl Pk S e
u’]@/.)(”:ui cfwfu/g u’il_% Cl y/ui' L/fi&)
(gt Zwlag 2 3L SIPL gf}/i’l‘,&lff_u g
4000Ke Ut L5600y 5 b S iks
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S J&1 6 1 U% (Space Research) &3"; Je e
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Lol szt 3 ol —e e S
(Pollution) ST U=Ut #1900 1S
613 e £ Usmed Ko s vt G 7
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(Hydrides)J’ fb’bfb’% 9.5

/w’ [P0 o K3 e o P 15
S 2w 58y e Qe GA L S
E,H. | (MgH, <%)EH, 5 !u«unEwa/?‘u’(
L e (BH,£2)
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H, (g)+Pd* (aq) — Pd(s)+2H" (aq)

yH, (g) + M, O, (s) —» xM(s) + yH,0(1)
(EQ‘L’JN:‘J: J)}?}"J%d,: i Jelas = LS St
18P GG LS S 2
ij"‘_c.o;LJu/.
20,500 & o s LS e 16 s F oo

e B P (Ere S0 7 s
(Hydroformylation) /65,41 | £ Olefins) u’“’fﬂ (ii)

-%Q;Jp)m/kdfdfﬁuz&nfbi/%,@!c
H, + CO + RCH = CH, — RCH,CH,CHO

H, + RCH,CH,CHO — RCH,CH,CH,OH

9.1
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SIS AU e S S B P 35 W)
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=7 (Volatile) NORULy = Siw ;«5/';..{/"

st IS Gz Ui E QUL
e P WL 15 S U9
(Electron-defecient) (i)
J3l(Electron-precise) (ii)
(Electron-rich) (iii)

Gl U( Electron-defecient < /:U;L ( LS Lo
Jed gt inuifend £ ol esi
/V(L?zi 13 .1;/@,77:% -< (B,Hg) ¢/ &U’
U / Lf/ Z 0] .?al’.uz P c«lr’// Electron-defecient
g LKL AE A s LSS AL
~(Electron Acceptor) s KJ}“? L U’}gl ﬁ

Lol s, u’;’ G5, § =S Electron-presise
41/%&(04: 1474,/?& Jml,«;’,)b&ui!}‘?lé
Skl 2§z § U (eH, &) gp Lk =y
- (}}’Z (Tetrahedral)

2t Lol ul}-‘?! U~ Us 1% | Electron-rich
_.:A/'iuz L. Jﬁ L}/ (Lone Pairs) < J# l.;;,J/
LIUENH) gt Z b S LU ST AL 1715
Lone Pair & X HF s/ 33 ¥ H,0 -< [ Lone Pair
LU el WSl LU AU T (g L
(Electron UJJ” u'f‘? 'G’LZ J,/ﬁu"ﬁ) LoV V"f;’
Z Ul d’@/ wlies && F 410N -Donors)
cﬁuf@ U.l(‘ﬂi = l/di}?/ d/ Lone Pair U U)f&/'/ffg
- (' (Association) s U/ e ! e {dlv

9.2 k-

LV EFsoN Syt &l T
P f&/bffl‘. i w/."é .,:A/?.b,vf Z u:;ﬁ Ly
bl 2l unf

S fb’%

- Gﬁb de g/);.’é{}w?d/i’l/f@
D FSMLET W
o ddelen/0F w
OV b g[}w (iif)

JELE u:c’ g7 9.5.1
(Ionic or Saline Hydrides)

&4 1% e S5 W1t =y J.L’: L gj)-ui’y Jl:”d
“U = 1 (s-Block) Stk -s Jb L oy i
Qe e/ LEnlen 205, Qs & A6
¢ MgH, 1 BeH, J*s MgH, s BeH, LiH £ < (b
ST &b J};:‘L (3}7 (Polymeric) J/..JL L =il
23/ (Non-volatile) ;& ¢l 4« (Crystalline) s el
=3 L Aty & (Non-Conduting) J57
£tanode) izt &S EEL By AL B (el
25 et G SusTr 2t 2 @/L;qu@/i"t&s

ot (=) 55 1 (g) + 26

§5L SUo A £ 3 = i sy o
Ut by J{/ o

NaH(s)+ H,O(aq) » NaOH(aq) + H, (g)

J:‘} J PAL ClLl Ozfﬂ/f@ L ""/? =700 J,C'”
Lt LU AT e S 6 1 L 1ot
et

8LiH + ALCl, — 2LiAlH, + 6LiCl

9LiH + B,H, — 2LiBH,
(Covalent or 1/111/9 L}UVL c»xﬁ{/“ 9.5.2

Molecular Hydride)

bbb QUL AL ot 18 Sy p P 13
Ni&l/!'_ugHF/;IHZO‘NHS:CHMJ{L?AJ,/’_L&
S S 2 Pk L Ul F e
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PH, < 3s23p® N N v
?%CCL'«.

S
u.?;PHS,:‘L+5A’+3&Ulpd,gfd/w%l5.;/ﬁ
»IAH d/gﬂufbfl‘, 5'54 =28 S 0{_0: &
e u’,«“fup J P ¥ PHg ([ 4 03l AH

gl L8 S

4 9.6

M65% 8L Ul b QL 2 P Ugr i
L Zu§u T Sy e duosvnbuny 4
DS QL ES et Sl e
e VPR Lt e s onre F

B LA AL

%KJ{ 25
97.33 (F)aws
0.008 Jw&ljmuﬁ”"dzg
2.04 ,?:gul.}/.u‘f”"
0.61 &ggj{)
0.009 Ui
0.005 tifls
0.001 = FI3TU S
0.0001 9

-

(Physical Properties c«.l:éf? d.’fb d/ d& 9.6.1
of Water)

SN 93— B F 50 sl oo L,

(Sl G B
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S

Ly Sed JUv § HE H,O <NH,
in #/L i’uf@ Z u:/."L 7«;)2_!;»'2 u’iﬁ
JLM osLJ .»,.VL}“/ JF/;IO:N(ZL“_‘L,yl d/
SE U 364 FE S L Yl
L _;;fé_u»! U#% 5 L HF .5 H,0 NH, &
Lung e S LUt

s bs & . “ 20
JIE(ETED e B2 Ly 9.5.3
[Metallic or Non-stoichiometric (or
Interstitial) Hydrides)

Zomsaos/ gt e el Shpmad,
e U e ,;/f.fulf; Lk uﬁ’i’ui’g Vi 4
Jr L Guoml a7 505, e bl G o)
Ve &gff'-ug J‘rﬂjﬁ,&wé P J’ﬂd?ug
SEPT S sl L€ Sl L
TiH, |, « YbH, LaH, ,, 4 # L J& o (x
Ulos s PAH, g o Nk g o 7 VHy 6 ZrH, 4 19
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G o AL S B S
de e e dnut Uk duken £ (Lattico
Jffw/u'éw‘a&u'}z&(uwg‘a
b e Ubrnnsr i S 2L %05 nterstitial
el (:' m/b{/wi’ui’g Z AcsICePdeNi S
S G ¥ Uiy S S ‘_ﬁ‘) J AL
(Absorption) —/ ,6 1L S f% £ U~# s (Transition)
%/f%/}ldi}ﬁfdlﬁpﬂ KJ!L,?) J&Eﬂy‘?d/
I SS e e e 2.5 L (Hydrogenation)
Gf.} fﬁo}&) A l{uzuff‘b (PtPd ££) gj.:bvﬁg -
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S fb’%

ﬁ&‘l’gfnzoﬂlnzo 9.3

D,0 H,0 ey
20.0276 18.0151 (g mol)ed QUL
276.8 273.0 /w3155
374.4 373.0 K/IJ7 5
-294.6 -285.9 kJ mol™* /ui w qf
41.61 40.66 kJ mol/ (373 K) uju?%iJo'ﬁ
- 6.01 kJ mol /5 I fzs
284.2 276.98 Rl 7 506l r“”l
1.1059 1.0000 g cm®/ (298 K)e3
1.107 0.8903 (Centipoise) ¥ Q L;b: / (Viscosity) =)
78.06 78.93 (c?/ N.m2]/ (Dielectric Constant) A&~ J}g 'JU’
- 5.7 x 10°® (ohm™ cm'/ 293 K)Electrical Conductivity e d“/.

(Structure of Water)c»'l/d/ GL 9.6.2

7 G467 e M Bent) i 1 3 U o 7
U~ 9.1(a) J’éflf;e% 95.7 pm 46 Gk 21 104.5°

A
104.5°
H H

(@ (b)

H
(c)

J-H,0

(Dipole) kb 93 (b) wxlw sde S S (a) 9-1J§~5
Jo)l S adle S GG (0) gl e IS L - b S
.25 (Orbital Overlap) -, 53l

) ot S 1 el U F
i Pkl snr U el £ G o (Ul o
H,S < 2 d/ V- e 2 d/ (Hydrogen Bonding)
a7 §EJr 5 s W5 1 b b 1, Se sl
SIS L B E L sl r S sl
(Dipole o Jy 315 56 wdsr L7zt
(Dielectric Constant) & 9 315 s Moment)
v &lg d& & d/ a‘(:ir” OS2I a/:f)
< eI SuF LI (Biosphare)
(Heat Capacity) j ?’78/1] 7 d/:z’{‘ukj
L&t J,C'V/cul/..wi ()‘Lc«ltl};’ulwﬁ T
U TUE (Metabolism) J# Qblssl Qb ot sborie
LQUVU%{LLJL;Q%:/“LLJ?)JJL ULl
P b"dtf’//&’/(sagf“‘é 23 Jd_l/ u’“,v dzufv/g £
G L Pt By o S
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el L0l 9.6.4
(Chemical Properties of Water)
L A e SIS L Bl
ugé
U :(Amphoteric Nature) < kb S 5 sday) (1)
& IR L 7t U U S sl I
sy WL N ACENH, e S L iy -
—e gl s AL,

H,O(1)+NH, (aq) = OH (aq) + NH} (aq)

H,0(1)+H,S(aq) = H,0" (aq)+HS™ (aq)

= 3 AL 3o (S T80 u"”igiu’ g &g
i

H,O(1) + H,0(l) &= H,0"(aq)+ OH (aq)

1- 4 2-UL 2- 4l 1-JLl
(e (L78s) (Uds)

(i)
=/ :(Reduction Reaction) jsWw b (2)
APV S OLT O &L Udes b Bl
_pESYS
2H,0(1)+2Na(s) - 2NaOH(aq) + H, (g)
e B P L  L
e 02/;{6 d/ HQOU’/»L (Photosynthesis) 3/ l:‘&l:é
- &Lan
6C (g) + 12H,0() - C4H,,04(aq) + 6H,0()
+ 60, (g)
< Qo af Ut 0, U1 STAL

2F,(g)+2H,0(aq) - 4H"(aq) + 4F (aq) + O,(g)

:(Hydrolysis Reaction) sl ; iy & (3)
2 u( &_s0slJ (Dielectric Constant) k& J}g [ 8'5
e ey nlies <#? (Hydrating) UQ‘TJJ"“—
Qb g T/ i ftoe WSS A G
-t L v (Hydrolyse) % L VTU:

P,0,, (s) + 6H,0(1) - 4H,PO, (aq)
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cﬁuf@ o ..«gc;«Ul/Z, (}L el Jf’:‘/-ta
_glme 2d 5Lk

S e g (e e P
Lf J '4 =7 o ‘f A u{'? < 8)4«)’3 Jﬁ (Hexagonal)
L&g &O/sz.-g_étgnuﬁf’“(mbic) u’fugf
S e b W e e Gl
L U s Lxz (Insulation) f &/17 = d_ /s 4 i/u(
pliert el QPP e oK e 3T
-
(Structure of Ice)cﬁ(rd/ £ 9.6.3
gfufb/% (Three Dimensional) (9 /03l J e -
Ldz-‘atgfg%uﬁg.z«ﬁfw-%&vﬂk
Lr T St b G A1 S Uk,
Aok uln L Ussl gl e 14 = Ust uf{"/lg
-<-276 pm

‘ggﬂ J(DJ‘{MVJJ/L::JJM x|
Ao YUy o -t &t (Wide Holes) s 2 Ut U
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/li\ *g/ _____ &; \‘[ L/— ’1 .....
g *‘[ }\T‘[ .....
[ . l{’ ........ {,1/
e LS e
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—etr6f ca/Mgem

— uf}u;/'r‘éj_é(d/fﬂ)&llﬁ’; JU)}:;QLJ!
S M 16 <o Uil L (Boilers) u,/g -
Qe e § Fr e S LG B
G aamFkie dnd UAnE8 G

(Temporary Hardness) C)i ¢ 9.6.6

c;:}d/u(}’}"d/w}’/gu}u/&lrif/{i}’(,}fdﬂ

- u’cb d//»c,u;ﬂ/l’gf),%&u_c. Qs
4 Mg(HCO ), = 2|l :(Boiling) S JU (i)
) (’L’;ﬂ /,c J’ 4 ..«Q/,u f L Ca(HCO,),

S lbn J:yuﬁ sl XS X L )
Srk S € Mgon,) U 46 £ mgco, £
& Ul txasl s (Solubility Product) 2 b
c;j’/(c)b: ,a//:_c‘;&lgn%/"d/Mg(OHQ)
Qi a S L2l gLl
Mg (HCO,), —=“—Mg(OH), { + 2CO,
Ca(HCO,), —=2—CaCO, | +H,0 + CO,
o (Lime) g Jh 5 P al b S SIS (i)
e L}L J/ (CalculatedAmount)/W -
-wiuw/‘fau;vn&//% I
Ca(HCO,), + Ca(OH), - 2CaCO, | +2H,0

Mg (HCO,), +2Ca (OH), — 2CaCO, {
+Mg(OH), | +2H,0

(Permanent Hardness) [f J“a" 9.6.7

Sukps fL (*’m ,/“D B AR
,%w/u’l dru"’/»aiu - d/c;ﬁ JJ)}’/‘
- é/;»c,u}‘?./‘f";

KL 2 Jab o (o g2y 28 g 13 g0 Sy (1)
= U}f’.‘jj‘//;! KiEL %51%4 S (}.L. =51y
—ethe K SELSSG

{fwf@

SiCl, (1) + 2H,0(1) — SiO, (s) + 4HCl(aq)
N°" (s)+3H,0(1) - NH, (g) + 30H (aq)

e ape UM L}T ‘L S (Hydrates) oyl (4)

S8 8- Fe St PE L S
Gre b bpUI6 A

[Cr(H,0), " 31 3| (Coordinated) b2 » (i)
BaCl,.2H,0 [} { (Interstitial) Nt 1A (i)

U Cus0,.5H,0, ! J?Qy X (i)

-[cu(H,0),]" s0* H,0

9.4 k-
e &g Jo, 4 & JauX| Ut CuSO0,.5H,0
?u“?caUl/

L e F i P\ LS 2K By
Ut iwﬁ/_»w/g

(Hard and Soft Water) L}& r)/}l =5 9.6.5

(o Fn ErE S D e b Pl F ALK
:’/u;c’.c;u/?c.l}'f/i/g{ J,u?a:}d/é.y‘y
1O L u(up(/‘%ﬂ(/uu" dL < v J}”K
o5 d;u“_ﬁ””/dtd/fru"fd/wwuuu/
Kéﬁ%b}fgﬂfﬁ’v&: ¢/l (Hard Water)dt
- §£(Soft Water) d& r//&&.)b le U)a:/,g JQ:
ce b ST AL il
(Precipitate) —# / (Scum)> AL il L}.L' =5
[}g =Fe 4 (C,,Hy,COONa) & # (re bl
- t’/%/“d/&“/b"acCa/MgZ:/J@L
2C,,H,,COONa (aq) + M** (aq) -
(C,;H;CO0), M | +2Na” (aq);

2019-20



L

-

elw sl S 7 3L De-ionized) b F 6
(S ES STl Gt S S et o
-u«um/c'/aw%omi‘w'

2RH (s)+M*" (aq) = MR, (s)+2H" (aq)

Mg?*Ca2*<Na* 25" &g JS (“{{4 JTel U
e oty Sy e dndwe mdyTed Lo
SSE e bbbz L LS

RNH, (s) + H,0 (1) = RNH}.OH (s)

RNH;.OH (s)+ X~ (aq) = RNH}.X"(s) + OH (s)

§s/#s SO (HCO; «CI &5 oy Tegloizr Ut 3
JToH Ll nib C)u’l_c‘- tve OH Db
2 SIS U Ll ot S
-Jf

H' (aq)+OH (aq) —» H,O(1)

(Beds) ufg d/f.‘?i{’ ST el o L'J:Tb”*.f/h‘f’ Je
Y TIp= SO L JFL NaOH sl il o] Jb" %;}‘L
_r b dba T

ST Pk 9.7

(Hydrogen Peroxide, H,0,)
L J1l J_E‘}fl?/? di}“’db v Iy = u;";‘”ub}:j
e E QAL T Pk L LS
(Preparation) L/CL? 9.7.1
g E e R S e
CEA Sl ST W

Ba0O,.8H,0(s)+H,SO, (aq) - BaSO, (s) +
H,0, (aq)+8H,0 (1)

wE B S i 1 g ol el et i)
Z u(«é’& ?«Td/:.éf‘”é‘f/‘r/? L w Jllac
23

314

MCIl, + Na,CO, — MCO, | +2NaCl
(M = Mg, Ca)

MSO, + Na,CO, — MCO, | +Na,SO,

g L’ﬂ'f/»’ :ady,b S (Calgon) ﬂlf (ii)
LLLJGLJ/J'J_LJ%"Ld/L{g(NaeP 0,s
e WS S I

Na,P,0,, — 2Na" + Na,P,07;
(M =Mg, Ca)
M?* + Na,P,0% —[Na,MP,0,,]" +2Na*
Ca®" »») Mg (Complex Anion) ¢/ Tu: /
gt J#E ST
3 )u’ | :ad ,b (lon-Exchange) & c‘-;zb—&,‘ o (i)
e R e T &L Sy pee ey d
e b L L QLT e ey ey
e ey A Nazd (Naalsioy)
L WS ETI
2NaZ(s)+M?* (aq) - MZ, (s) +2Na' (aq)
(M = Mg, Ca)
S erigilenry T o vl s Jt i ol o
S Jﬁ&mﬁ(wdl d/u’la A s (’J/K
- 4/(Regenerate) JIL, Y L«»cﬁ/

MZ, (s)+2NaCl(aq) — 2NaZ(s)+ MCl, (aq)

J( &7 :4dy,b (Synthetic Resins) S Cf(y 3 AU (iv)
e

§ (Synthetic Cation Exchangers) 'J (f} ¢
Vi ML petiy e oS Qe sl S
LS50 Huuf{w./ < Svnlia b,
(RSO.H) % & lu! wgyd“f"”/uw;/
—e bl ~RNa£/J‘bu>’v£Nac1
Jb’“c, U,:T (}lﬁ)é ~““.“/(f.%£/uﬁ (}EJRNa
_%dTgn!uZ/VgRuk-‘aQMﬂ/&gd:/’/
2RNa (s) + M*" (aq) - R,M(s)+2Na’ (aq)
J’ilwc/{: (Resin) UZ/:/LLU' J}gL}TKNaCI
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J}L o

9.4 k4 2HSO;(aq) ——= 5 HO,SOOSO,H (aq)
' Syt ] .
_2;@._,(2 Kb":’wd/d}yz IOLi/uT/ Cﬁ}/:@/% EE—— 2HSO4(aq) +2H (aQ) + Hzoz(aq)

F e b YU LD, 0,k £ 183 P

K,S,0; (s) +2D,0 (1) — 2KDSO D,0, (1
4STP.1 LKH2O2u’lfuZO’Q:J,1{H202r€10 (s)+ (1) - s (aq)+ (1)

-KL/("’/'U?‘—’ITlOL UJ '}j’é‘)}j/’/"'dg’ Z/J’/LVJ/ (iii)

2H,0, (1) - O, (g) + H,0(1) i Lz L
0,(Ix%) o & oo
§;3g4g 22.4 L at STP 21,0, + (2=t 1)
dsr b o7 T 22.4 L £STP < H,0 68 2-enthylanthraquinol

H,0 ALL/J‘&JJ! 10L4STPL Ul U825 L 8 U1-e Bin,0,19 Ut o U1
68x10 . 2 SE e L =300 LS 50 ¢
594 g=29.9g=30g/w‘d/ - : ) L
Ao 30=080 1,0, £ 104 U NN O A N EY
=] Z =0/ ) oo (¢ = . .
r PSP en,0, e LS N

J¥H,0,3%
;,t:aﬂ’d:’bd/nzoz 9.7.2
(Physical Properties of H,0,)

= L}@(MZE&%)L;Q}IHZOZU::J&JJG

(Structure of HZOZ)&VJ H,0, 9.7.3

u’};{/ﬂ J{/ < 8/ (Non-planar) f‘/ oS Ju’l

_u*ég;u"g 3d{6wdtwu”dlp - .
p—— S ————— -t F6ut9.4e = lor? & d Su
sae T Ll £ St € Lz U5 OL 1,0,
&’“”m n \95"’ - 30%€ H,0,-< b (221 Ka»‘l/ﬁ')HZoz.Hgo

) 147.5 pm ;3111.50

=39 pe b LA, u’wi’g‘ﬁ 100° U410 J#
H L€ 1,0,300 S L Soe bl

Lalts e , ¢ (AL F104 4 QKT T 100 5TP

“3; JJ SERRE 'b§H2O2 uﬁ")’:-*g,r“:{(a) 9.3‘}1-5 ¢ ¥ f ) u) L‘( o
[0) . foo -

ol STH0, (o 2 sé () & 111.5° 3% H,0, Uf U1 Ut L U e bl ey

90.2°455 J,da S5 s 110K -8y

<l Wdf.&d/f&/lrr"/{ d"uﬂ 9.4Ju€

/:: J’”{ (b) ﬁw.:'// (@)

1.44 gems/ (5L4298 K) sl 272.4 K55
1.25 Ay #7 290K) =217 423 K/J2 5
70.7 Nm?/C?/(298K) i~ 201 13 1.9 mm Hg/ (298K)3Ls L
5.1x10® em! O/ (298K) e b 1.64 gem®/ (Ji/? 268.5K) =307
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6o i KU S8t ot s S )
e Jb - t’n/? WL (Disinfectant) ://.33 C’b
:«53/. (Antiseptic) V@{&‘U%c rLL Jufb’@{
-‘a(}w{

VI ﬁﬁ’r‘(g a@// ég{:. e JSEEU1 i)
I TN O P S SRR P,
e bl l[u.f L (Detergents) £2./5

VA 35 st ded S 5 S U G
L//dﬁ 3l Jo/;:;) (Cephalosporin) J?;.‘:“LJG

S AV Py NSV AT UL
- t'nJl.’:‘“!/?ML LA

e e UL O A e 1 F LT @

S S Tok 1 y & e

Jus § (Sewage Wastes) = b2 ot
_d=d el (Aerobic)

(Heavy Water)Dzo&gdjlﬂi 9.8
(Nuclear /Uf, S gjg{x Je 7ol KUl
Z}f{im{ 2# L (Moderator) .5+ U Reactor)
e b YUt L S 6 e & SOt e b
(Exhaustive dig:’& Y Ul JL}L e
(jfu: WJ}L&(,:& e L//Q«'L Electrolysis)
dff'bd/u”-ba (3/: J’ilp/? WL (By-product) Jﬁh
Lﬁ;"gsdwﬂKw_ugfd;utg.sdwc,yrﬂ"

W-ujz_/uﬁd—bc«b(/)z
CaC, +2D,0 — C,D, + Ca (OD),
SO, +D,0 - D,SO0,

AlLC, +12D,0 — 3CD, +4AI(OD),
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el 1,0, 9.7.4
(Chemical Properties of H,0,)
S0 7l S (Mediia) sk U s 3172
gL LUt Sl LA
Jefebrds o
2Fe** (aq) + 2H" (aq) + H,0, (aq) —
2Fe® (aq) +2H,0(1)
PbS(s)+4H,0, (aq) — PbSO, (s) + 4H,0(1)
JEArtrdz w
2MnO; +6H" +5H,0, — 2Mn?" + 8H,0 + 50,
HOCI + H,0, — H,0" +CI" + O,
JBFA st
2Fe” +H,0, — 2Fe™ + 20H"
Mn** + H,0, — Mn*" +20H"
S st a
I, + H,0, +20H™ — 2I" +2H,0 + O,

2MnO; +3H,0, — 2MnO, + 30, +
2H,0 +20H"

(Storage)dj)ﬂoj} 9.7.5

- l:@__n' (Decompose) Jé{ :’»"?T.?'ff H,0, S (3%1
2H,0, (1) — 2H,0 (1) + 0O, (g)
S Gar ot £ 28) Fde L Qs
e w-c‘;&wd}ﬁﬁ! NI
SUt-ut ot pit h Fe & Bt | 22 b
;f,f{ug é//»;)//(ﬂ-uzéﬂ&z{éiu’ﬂ/&
_LLCC/&“L!JJ.L{;ZJPJU.?U(/

(Uses)dt’a" 9.7.6
ForeimgSUig b & e »Sli ey
S JeZ e
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Qv £ &S0 256 P\ dis e §38 L
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S U S Ao s Erir ot Em Ji
e YU S0 L gﬁui’gécﬁfuﬁ

(Hydrogen Economy) &8 uzuﬂ = s U
3B L AU S K2 Pl e i ]
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Jx

S Ll Pk 15 0.9
(Dihydrogen as a Fuel)
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Al bods G5t Je bt Y S o) 358 e d AUt e L 2y 31
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