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FOREWORD

The National Curriculum Framework (NCF], 2005 recommends that
children’s life at school must be linked to their life outside the school.
This principle marks a departure from the legacy of bookish learning
which continues to shape our system and causes a gap between the
school, home and community. The syllabi and textbooks developed on
the basis of NCF signify an attempt to implement this basic idea. They
also attempt to discourage rote learning and the maintenance of sharp
boundaries between different subject areas. We hope these measures
will take us significantly further in the direction of a child-centred system
of education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals
and teachers will take to encourage children to reflect on their own
learning and to pursue imaginative activities and questions. We must
recognise that, given space, time and freedom, children generate new
knowledge by engaging with the information passed on to them by
adults. Treating the prescribed textbook as the sole basis of examination
is one of the key reasons why other resources and sites of learning are
ignored. Inculcating creativity and initiative is possible if we perceive
and treat children as participants in learning, not as receivers of a
fixed body of knowledge.

These aims imply considerable change in school routines and mode
of functioning. Flexibility in the daily time-table is as necessary as rigour
in implementing the annual calender so that the required number of
teaching days are actually devoted to teaching. The methods used for
teaching and evaluation will also determine how effective this textbook
proves for making children’s life at school a happy experience, rather
than a source of stress or boredom. Syllabus designers have tried to
address the problem of curricular burden by restructuring and
reorienting knowledge at different stages with greater consideration for
child psychology and the time available for teaching. The textbook
attempts to enhance this endeavour by giving higher priority and space
to opportunities for contemplation and wondering, discussion in small
groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT)
appreciates the hard work done by the textbook development committee
responsible for this book. We wish to thank the Chairperson of the
advisory group in science and mathematics, Professor J.V. Narlikar
and the Chief Advisor for this book, Professor B. L. Khandelwal for
guiding the work of this committee.



Several teachers contributed to the development of this textbook;
we are grateful to their principals for making this possible. We are
indebted to the institutions and organisations which have generously
permitted us to draw upon their resources, material and personnel. As
an organisation committed to systemic reform and continuous
improvement in the quality of its products, NCERT welcomes comments
and suggestions which will enable us to undertake further revision
and refinement.

Director
New Delhi National Council of Educational
20 November 2006 Research and Training
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PREFACE

Chemistry has made a profound impact on the society. It is intimately linked
to the well-being of human kind. The rate of advancements in chemistry is so
high that curriculum developers continuously look for strategies to cope with
these advancements. Also, the students have to be inspired to be the future
leaders who would make fundamental contributions. The present textbook is
a sincere effort in this direction.

The structure of the textbook, presented in two parts, comprises of sixteen
Units. Although the titles of various Units indicate a sort of compartmentalisation
into physical, inorganic and organic chemistry, readers will find that these
sub-disciplines have been intermingled, at least to a certain extent, to have a
unified approach to the subject. The approach of presentation of the subject
matter discourages students from rote memorisation. The subject has in fact,
been organised around the laws and principles of chemistry. As students
master these laws and principles, they will soon get to the point where they
can predict much of what will come.

Efforts have been directed towards making the subject stimulating and
exciting by references to the historical developments and its usefulness to our
lives, wherever appropriate. The text is well illustrated with examples from
surrounding environment to facilitate grasping of the qualitative and quantitative
aspects of the concept easily. Physical data are given in SI units throughout
the book to make comparison of various properties easier. IUPAC system of
nomenclature has been followed along with the common system. Structural
formulae of chemical compounds showing functional/coordinating groups in
different colours are drawn using electronic system. Each Unit has a good
number of examples, as illustrations, with their solutions and some intext
questions, the answers of some of which are given at the end of the Unit. The
end of Unit exercises are designed to apply important principles and provoke
thinking process to solve them. Answers of some of these exercises are given
at the end of the book.

A variety of materials, e.g., biographical sketches of some scientists, additional
information related to a particular topic, etc., is given in boxes with a deep
yellow coloured bar. This boxed material with a 'deep yellow bar' is to bring
additional life to the topic. However, it is non-evaluative. The structures of
some of the more complex compounds incorporated in the book are for
understanding their chemistry. As their reproduction would lead to
memorisation, it is also a non-evaluative portion of the text.

The information part has been significantly reduced and, wherever possible,
it has been substantiated with facts. However, it is necessary for students to



be aware of commercially important chemicals, their process of manufacture
and sources of raw materials. This leads to descriptive material in the
book. Attempts have been made to make descriptions of such compounds
interesting by considering their structures and reactivity. Thermodynamics,
kinetics and electrochemical aspects have been applied to chemical reactions
which should be beneficial to students for understanding why a particular
reaction happened and why a particular property is exhibited by the product.
There is currently great awareness of environmental and energy issues
which are directly related to chemistry. Such issues have been highlighted
and dealt with at appropriate places in the book.

A team of experts constituted by the NCERT has developed the
manuscript of the book. It gives me great pleasure to acknowledge the
valuable contribution of all the members of this team. | also acknowledge
the valuable and relentless contribution of the editors in bringing the book
to the present shape. | also acknowledge with thanks the dedicated efforts
and valuable contribution of Professor Brahm Parkash, who not only
coordinated the entire programme but also actively involved in writing and
editing of this book. Thanks are also due to the participating teachers and
subject experts of the review workshop for their contribution, which has
helped us to make the book learner friendly. Also, 1 thank the technical and
administrative staff of the NCERT for their support in the entire process.

The team of this textbook development programme hopes that the book
stimulates its readers and makes them feel the excitement and fascination
for this subject. Efforts have been made to bring out this book error-free.
Nevertheless, it is recognised that in such a book of complexity, there could
inevitably be occasional errors. It will always be a pleasure to hear about
them from readers to take necessary steps to rectify them.

B.L. KHANDELWAL
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THE CONSTITUTION OF
INDIA

PREAMBLE

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
'[SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC] and to secure
to all its citizens :

JUSTICE, social, economic and

political;
LIBERTY of thought, expression, belief,
faith and worship;

EQUALITY of status and of opportunity;
and to promote among them all

FRATERNITY assuring the dignity of
the individual and the ’[unity and
integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY |
this twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE TO
OURSELVES THIS CONSTITUTION.

1. Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,
for "Sovereign Democratic Republic" (w.e.f. 3.1.1977)

2. Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,
for "Unity of the Nation" (w.e.f. 3.1.1977)
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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)

(b)

(©)
(d)

(e)

(H)
(2

(h)
(1)
)

*(k)

Note:

to abide by the Constitution and respect its ideals and institutions, the
National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national
struggle for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

to promote harmony and the spirit of common brotherhood amongst
all the people of India transcending religious, linguistic and regional
or sectional diversities; to renounce practices derogatory to the dignity
of women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures;

to develop the scientific temper, humanism and the spirit of inquiry
and reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly rises to higher levels of endeavour
and achievement;

who is a parent or guardian, to provide opportunities for education to
his child or, as the case may be, ward between the age of six and fourteen
years.

The Article 51A containing Fundamental Duties was inserted by the Constitution (42nd
Amendment) Act, 1976 (with effect from 3 January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002 (with effect from 1
April 2010).
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e Zld WAl dvHl AL AL 8(251, FHiAL es caBls oiBils
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5129 S1AHL diotl [ (1)L 54 €ldl Al 21854y uq el
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26[25HY  uglalal 2155 (sharp) da-lbig €lu B, s dlas
AUHLA o 2451915 UL €9 i UaLE] ol €9 IR 6l o119 Hs[R5HU Bn
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AlUMLAAL OUOUML ddal M3 €. M aluil A5 © U el HULsIRHL 3
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syl wedld ad ugldl sadl a4 Gl S 9. dd odi ual
SURLAL UUHLA i B6UBL AlL Uy, acl Haldl gl 8. 8- SO,
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60°

uzsielld Al 2sH s -
215 611y oflo 6L b1l sl
2L, RlErd sl ok sas
UL vel 60°

AsH S
URHIRLAAL vl

(Number of Atoms in
a Unit Cell)

1.5

90° 2l 2119t

Wl e Al
sy sy - oyl
ollogpl AHLIA
doid-l, ol sasl

—;:-:___—_,.a,_:l a9l HQ'%[NL 90°
O=_____O 5t L.

215(5aMs dlzadl sy sy -
(B0l ologii a, b, ¢, A, B, C;
VAU VBRI FULAL S5 UBL vl
901 12l

sl wellat Yol 5 51 ueL sles aleu [ye Avaiqn sisy siuHdl
oriel €l 8 il s Aly [Blg s 82y vl (URMIRY, U, AUl H1Yr)
ASAA €l 9. 8 U8 21 ALl 532 § 235 sl Sedl euat [Alre
(particular) 15 S1MML AHUAR €.

2UURL SL8L USIRAL AHAALYL 2isH, Sl RAIHL Ay 2 U0l

VAR 9URl A9 5 EX5 8 581 URHIBY 6.

1.5.1 2ulEx aq 254 510
(Primitive Cubic Unit
Cell)

igld 112 saier dHaele sisnsinai vs
yartl B35 YRHIE 5 syl
q2q myaflziz] 52 6,

(a) (b)
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2eLfasti

BAURH 8L L5H, ST HIZL Aol VRUSL UR % URHLY, 1A €9, BRI URAL EXS
U, 250 11240 £2lo4l UHIBL A5l (adjacent) H16 2154 SINL W12
al1oflel] 53 €9, AR U5H SINL LS % AL 1A €9 Vil IR HSH SN GUR-L

a2l 240 1A 6 Ul uUAL(AAAL AR,

1 .
L UMA) 5 ML % (A3 (particular) 2154, SIMHL

8
aulare A 6. 2usld 1,133 2uley s 2Usd siuA

s121 %€l el Ad eaiden 8. sl 1.13(a)Hi €35 -l
SUULL 22Ul HAUAAL S8, Mol 57w 89 i Al 5 d
ardal’ s¢ (size). il A viedl UL 58 .
vieell AL sRUHL dlsasil viqud a4y U0 Ul
9. sl 1.13 (b) sy sl sl aralas sexdl
YU 53, 2asla-eRdl (space-filling) 1oL €.
25l 1.13 (c) s AHEAlY 25 SINHL 8L Yel-%El
URHIRLAIAL RS M1oL s2ld O,

5L £ AU 154, SINUL LRI
U 8 URHIRAL €M £ dell s visH SNl
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uHel e AvaL 8><§ =1 unug, 4l

Ai5ld 1.13 : 2ulen a4 2s450Y (a) vedl
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1.5.2 vid:3(sd anady
WSsH SN (Body
Centred Cubic Unit
Cell)

1.5.35a5 slsd ana-da

WU SN (Face
Centred Cubic Unit
Cell)

ASA 115 0 yHIg ¥ HsH s1y
S 575 Y 6 Y5¥ SY]
q22] @191g1?] 52 ¢9.

V5l ALY (bec) HUsH S1M drll 835 VR UR 25 UMY, HRAD 9
S 25 UG, Al Hiddes U Gl 8. wusld 1.14 (a) vieell 22 eald
£9. (b) A5 HRAL AL VAL () LEHSIN © FHL AHL AHUAT URHIRYAL
AiRlAs ool uHAR B, 1 AT ASLU O 5 vid:Sg U WAL UMY, ¥
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2i5ld 1.14 ¢ a:3(=a qHa-la w5454 (o) vedl - (b) AasieL
MRl ™AL (c) §25 AsHSINHL AHUAY YHIY VA
arzalds @l

sH SN AL O d AyRiudl SisH Sl Gl 9. e, 2iaslEd

QeI (bec) s SINMHL -
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(i) 8MEumll X o eRs Yeusdl WRHE = 8 X o =1 U1,
(i) 25 id:3lFHd Mg =1x 1 = 1 uRuIB,
oWl wsY SN uRHIRALAL et v = 2 UM

scts Slmma uHE-ld (foc) M54 51N 614 % VRIS UR URHLY, R4 €9 in
AHAAL 6L % SASIAL 57 UR Bls s WML 2L sl 11540 A
S 9 5 £25 URHIR, ¥ $ASS U 22l HAUA €9 d S5 SIM-L 6L A5
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sds a2 @Rfleldl 53 69 i Hint 5 L BXs URHIGAL oL visH slul

aofleldl 53 8. 2uslct 1.16 (a) vieell 22 (b) 24512 Mcll 3L 24 (¢)
PU5H SN Y AHL AR SL5H S1NAL URHIYAL clldls @191 sld 9, 1M
sds s[md ama-ly (fec) visHSMMI

L1 N 1
(i) 812Ut HRHIALX o MR UIA A5 =8 o =1uw1g,

SN ~ 1 ~ ~ 1 ~
(i) 6545 [T uRHIRLIL X 5 MRHIRLUA S SN = 6% 5 =3 U

oo URMIIAL et vl Ul s S = 4 uHIRAL
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254 1.16 : $¢5 3l=d una-la 2sH s (@) vied] 22U (b) 4519
GRdl AU (c) &35 VsH SN[ AHIUAYS UMY
arzalds @l
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QuiRl Aoidl us-l

1.9 ‘ala Big’dl wdsal osudl.

1.10 254 s cla®s oidlddl WAL s Qv

111 dsiad saldl (QAkRd $31) :
(i) weswild i Hi-ilsals s sl
(i) sas 3(=d 24 2id (D4) 3[=d 254 s

112 uHodl & aHasld 254 sl (1) vRU UR 2 (1) 23 2 U 8dl uRHIeL
Sedl aloL dell udlall sM siuedL Rl AS © 7

1.6 Add AglAd U2l et ueiElal aes 5ol rdy vl goul €id dad Aglid Gu 8. »uus
(Close Packed 825 S8l SLSAVAL Al LU d3S o1Rllot vt Br-uRMiBIA 2241 2181
Structures) AU 21,

(@) s uRwimMi dgd ge-

2AHL ML 215 % A 28 wRHER1Y A9 A AL UL llsdlAal
6. 2@ & drl sl 21sd dx gAML dlsasll (sl 1.17).
4L AWARHL €25 OLOIL el 6L walelleil otlow A18 Aus

W B €9, seL Alel A@sl wadl seiHl AvaA

‘4adl s’ (coordination number) 5& 8. ¥
A 117 ¢ s ulRmeHi sl g dsdr 215 uRHIRY Agd A5[Ad olsarMi uadl s 2 B,

() [B-ulRwini dgd gan

(2-uRasild Agd Ag[Ad 2L A9 d gled olorl eiz+il 2wl (stacking)

22aL ollsaell (placing) 530 2201 w51 6. v 6L el el At 53 wstA.

(i) ollw oA uaH 0L AusH el Ad dDsacHi 2Ud 9 3 olw
©RAGLAL ALOUAL UAH &AL UL AR % GUR dlsAdAl €l
9. ol 0L dloutl Glell Ad 24 20dl Ad G161 lsAdAl
(aligned) €1 £9. 2 2ALUBL UAH ©RANA A’ U512+l 61N 5El1 21
6{l2n €U % GRAGR UAH €A Fell % SIA dl del UL UYL A’
sl €A sélul 2L % UHSL 2UUBL ollw AHIR €AN UAH
L0 Fell o ollscll wSlaL el AAA UsIR-L olsast Husld 1.18
(a)Mi sauledl w8l Aadl aslaa.

(a) (b)
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241 QUSARIHL €35 Q0O Al ALR UL €35 Lo A8 AUSHL G1Y

8. 2uell B-uRselly uadol s 4 9. qoll, AU ded AwsL udlall
ollouAL vsi A, dl 215 Al 221, el 2 Agdnq [g-uRHemi
AR Ugd Ugar 58 B,

(i)

(©

ofle ¢n uddl ¢ U AldRd (staggered) Ild olisclut el
ULl Uedl ¢l QLo A AL A HAHL (WLSLHL)
(depression) AU&AUA. %L NOUALAL UAH €10 AUSI-AL 512 it
6{low €A % ¢ AA Y d B usil s€lat. wu1R 2w ¢210 oflw
@210l AL ALARA Td UaH AL 61612 FH % dlsclut dl
2L €A YBL A’ UsIRAl 5El As1AL 2L % UMEL ALl e wid]
A duscilnt $ d 6fle el G 6612 A s (B wsi) 24l
L oUsell ABAB Usi+{l 3l 24l SUSARIML H5et %0UL, UHIZL 241
£ et 2l Vil A5AA AlRY UYd A5A 5l UL A4H (efficient)
. 835 2000 a+{l Wdlaril €9 o001 AL AUSHL O 24 Azl [2-uRHelly
A3 L5 68, AL £9 AU 35l MesiRi-Al(hexagon) VUL UR €1Y
£ 25l 1.18 (b). 2l >0 UlEa [g-ulRaella wesiella 2igd
Agart 58 9. 2uslct 1.18 (b)HL AL wst 9 5 dul s2cs (b9l
(void) (vl 2Aasa) 9. 21 2141 Bisieily 9. Bisieily Bogl ol
USIRAL €l 69, 215 A0l Brsial [Risg Gl ds (upward)
©ld €9 A oflon ML 1Al 428 (downward) €ld €.

A-ulRwigini 2igd gan

ol o aARalds AL Br-uRHela AU Sid 9. duq B-uRaely
R w15 oilo U Avil-l Ad olledl Hadl asia 9. dectl [ARtoLHL gl
B-uRmiHl Agd Asa--dl 22l 53 ¥ 6 usiel €l w3, ARY Add
Agarl Ul u2sIRilA AYd AgA. YR ARG 5 ucl @AAUHIE] Seal
usiReil BruRseila Agd Agas Hodl sl

(¥

A5ld 1.19 : 444 ......
g Aoy

B-ulR iy Al dga Asleid 2a24ia] Bi-uR4elY dg9d gen :
U™ AU YR oflw dAl A0l dlsaAdl arid U8 UG
UL A o Bl R @yl el uay 2 uz olly
2 el da dlsclut el d uAH -l LUl 6iR161R GUR %
Gld. UL OUSABIHL i 2cdR+tL toull 2l 4 Glodl ol Ld
250{lo1 UR 611012 sl 11940 saledl WHIBL sy 8. 1%
A 21l oflen QeI 2R s GuR oily du dllsdl AslA. 5l uaAH
2d2-L otioul otisarild <A’ ust-l selut. oitl o il 2ugasil
ARu{l A9l 2UH 21 ALY AAA USR] Gidrfl €20 wHEL A
el Al Alel Bt AR 9 it BUsH SIY VUUEH 8 BU5H S
6. (il >usld 1.19)

(ii) [g-ulRHisild wesiold A9d Agladd wauid] B-ulRwsily
A9a g : BrrulRMely dgd Asdd 2L A 215
Buz 6{l% M dliecll U ASIA.
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(c) [Bdg-l Cillalas 211512

(@)  ollo ed’d HaH R YR sl

2uelL Hesielly Agd A5[Ad 2 A’ ASB A dell uR g % 6% R
ollsclat 2l 6{lo 2wl FNOUBLL USAL QUL 2AAAHAHL GRA6LR LS.,
UL 6ir 2L UL AL I dlsAlAAL 9 112 6{lo 2L B 56121,
L5let 1.203iell iUl siaels 53 a5l2L 5 waH L eaL s Busisila Fgl
6l 2R+l LU o3 AYel e 513al A2l 21 el dlisagtsil L 53 9.
12 61981 - LU UAH 2LLoUAL (951 UR (Al d2il Glag) dllsaiy €
UR AHAE ALY [B9L 2201 6.

2i5ld 1.20 ¢ dgd Aglda Aloui-u o -l 2w v A4l a1l [Bgl.
T = y43greasld s, O = sresdasly (g

2L B9l AHAQsASlU (961 sdad © 51220 3 i 2134 0wl A
AL AR AHAPEAS A 9. A T ol Ul 1.2040 Rldrd 53¢ 6.
g 25 (9% 2iaL Ad 2usla 12140 eaida 9.

O

O wHageasla yHAwasl
@_/ 95 [
T—— et AHAQsAs
2130A 1.21 : whesasly sesasly z
N a @i -I- / [{9? ‘1'- :'.l-
AHAQSAS]Y il 2551y (D] F e
(a) Gudl %l (top view) AN ‘“\
(b) [Azga 20d ouyial Hal esds
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oflon 22wt Uz, oflon adaMixL Busielld gl uaM d-AL Bisielly (e u
€l 69, el Al Busielld 241500 AU 2l Al dui 2Ls Busieid
BRI, Gur-l drs ¢l & 2t oflyg 1Al drs $id &, 24 [ogiql 2uslc
1.2040 “0” a3 Rldd 53¢ 6. 2ial [ogl &9 SUouil a3 8RAAAL & 24
aun iresasla (B4 5 9. 20d 215 (g 2@t Ad sl 1.2140 saide
£, 2L 6L U1 (91l 4l A9 A& 0ol AvUL U ALUR AM 69,
Q121 5 Agd Ag[Ad 00U+l A4vUL N €;
ugdl, Al wresably Bodi-l v =N
AL aAQsasl Bogi-l :ivul = 2N
(b) 6l 22 uR AlY 2R ysq
UIR 6l 3R UR Al 2R YSAML 219 9 AR 6L ASUAAL el .
(i) AHAQeAsly (Bl eisar : ol e AHAREAslA [B941 Hlln
AR OUOUSL A3 E515 A, 2L olotdHL Sl dR-AL 2oL UAH
AL dLoUAL AL 61R161R Id (align) dLscld €9, 2414, o+l elld
sld (alternative) Yrizlaldd 214 9. 21 Mid 4 ABAB 6ld 313
vl 9. i AL S5RRUAA 56l Us (hep) AL secUd ©
(sl 1.22). 21 w5124l vl olisany HoAuH »im [Bis ¥l
8ol gl Holl 2ud ©.

T e ow
A {ap B B
A @QED @b

5 \{NA A ° uzsasld aaeila
(b)

w3l 1.22 : ? @ @E> A

(@) wesasld AMa-ld AHga Hgct-rl

[rgd evua % ool 2 suld 8. ugsislla sl 2igel ’<
RE (a) RECE]

(b) €35 [aauHl AR 2R quil s3e
(c) Ascl clald

2i5ld 1.23 :

(a) ABCABC ... i+l
sl ruId xresAsly
[B9g ¢s1d¢ &9. (b) i1
onsaeilell 2a14e Al
A (fragment) ¥
AHeld Aed dglEa
(ccp) a4l 565 5[5d
aelly (fec) AAIML
yRerH 6. (2)

hcp fce
(©)

wesasly [Bgld eisdl ;A% AR
oflon 242 uR 2ic]l Fd dlsacUHL e
9 ool del dlon 2qwesasly (g
als 9. AL I dlsAUML U AR
Al AL QUOUSL UYAH YL
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212 2R dMsAML A D AR % UL sl 1.22 214 1.2331 g2l
UHIEL USAL 22eL ALOURAL UR 616 I dLscd 9. =+l 21 Glds
ABCABC ... WHISL duialHl »Ud 9. i1 2 AHEsAld Agd A5[Ad
(cubic close packed) 1udl sds 3[d uHe~{lY (face centred cubic)
RAUAL 5SA B. 51U e [RieaR Fell Higil i AL (25150 W .

2L 6l USIRAL ADc A5AL voL o AH O A W5 74 %
21519l G S Q. dHidL A AL 835 0L 6UR SNoUBAAL AUSHL S1U B,
Y, UL i, 2] U dML AL Ais 126D,

1.6.1 g{zilomi A A 210UG il [AenorHi 218l ellval § dIR 581 Add A Sld 2 cep
e (a1l avar 21l hop 2asU URRIH R 6L Wi+ (gl ALyt A 8. R Al
©loR el [f9gidl vl Agd Ag[ed sell-l AvUL 61RAAR U 9, AR
Compound and AP uHAeasly Eosidl dvan el €id 8. suadla aul ay e
Number of Voids Filled) 1l (44 2l 288ua) A9d AgAd UL 6t-lld 8 s a8y, ~li-il
UAAL (UM D B [B9aiHl GLRIY €9, % U9l AU 2L ALl
€l 8 5 uMAEAsld (95l As1AAL 9. A QR HieL Sl dl d 2esasly
(B9giul MRAA €9, 6Ll % sl vadl AHAPsAslY (gl cudl Al
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SIASL 1.1 315 4% 6L drell X oA Yo oAl 8. drdl Y (3821 dl3) Al 4RIl cop 6w © e drt
X (Bl dZl5) AL URHIRAL ot % 2esasld (ol il & 6. Al Yot 9 sal ?
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SIA3L 1.2 el Bell URHIAL hep AR 23 8 e drdl Asil URHIAL AHAS ALY [ogietl 2/340 auam

ASAG 8. dtdl A 2L B gl AL Ao qA 4 6 7
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€25 il AHA 2U5IdR AL VLRI YR URHIEL ) (25l 1(a)). 1582 €35 wlirll AMHEAA~,
AR UMY, 9. A 2soilon Ul AL 2Ud dl d R dHAsds 22 9. ddl 35 i
AL D5 AHAQEASLA (295 6 il ge s AHAEASIY (961 Sld 6. cop AU S5 2isH
SINHIAL VU6 Aol AHAARIAL 2250 215 (095 1A 09, U8l sl el § cop AL 825 visY
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w2l AHEALY A A5[AA RAAHL AHEAAL HdSrs U esAslY (95 = 1

12 »vesasly (B9gl €35 412 U 2@ A4 9 d AR AAsHEN 923 oflel] 5306

12x s -3

oo 54 vwesasly gl AvaL = 4
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1.7.2 vid:5[ad  ana-dly

AU Agart-l Andl

(Efficiency of Packing
in Body Centred Cubic
Structures)

1.7.3 AleL aHadl aluaui

AU QHAL (Packing
Efficiency in Simple
Cubic Lattice)

ausle 1.2530el e
Seadidl uuIg, ol
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SIECTRR IR

A EFD%L
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b=+/2a

©d, A AFDAL,
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VUM, AL 2H diRdl wsl2 5 cep
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qaare 21l el udl BsH SMMiAL U so el adlat Bisa (isisl)
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Involving Unit Cell 13 & 413 3 X-Brel Rade-l wesdl ax 9Rs1 2154 Su-l tuzs
Dimensions) . ~ o~ o~ A ¢ ~ ~ ~
doll A8l 53l i d a ey, d 8 deldHdl dedl Sid 2 M HIdR g0l
Sld dl, 8 825+l elloiaHl
W54 sl 58 = a’,
LY Sl B0 = s sIHL uRHIGLL AvAL X €35 URHIgL B0l =
zxm [HElUL Z 15 215U SIHL 8aL URHUYHL AvUL 8 2 m e35 s
(2s15l) uHed en 6.
LY SIMHL QAL UMY, €9

M

m=N. (M 4R so ©9.)
A

254 Sl en

254 slu s
~zm_ z-M d= M
S N, AYqL VT a’N,,

Qe AL 5 2154 Sl arcl veldl ardl Feddl o G 8. aniel dddl

el ol uglaziial 458l 530 asid. win wadiiel (d, z, M, a4 N,

% S WRL AIR %RLAL EldBL ol WAHL WA 55l 3] aslt.

aell, 2154 sl gL =

S1431 1.3 A5 draril 22 23 Ed Axasld (bee) © 2 Al Siuel 412 288 pm 9. dwarl asidl 7.2 ¢/
em’® 9. draril 208 AMHL S2al UM, Wl il ?

Ba : 54 siud s8 = (288 pm)’
= (288 x 102 m)* = (288 x 10'% cm)?

=239x%x 102 cm?
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draril 208 g i s

s 208g

CEddl 72gem’
2L SEHL 154, SINFL AV

B 28.88 cm’

T 2.39%107 cm® / 254 S
€35 bee el sUSIM 2 URHIRL AL B, ddl 208 gHi A uHYHL vl =
2 (uRMIBL [ 254 51M) X 12.08 x 107 2154 514

=24.16 x 107 U218,

=28.88 cm’

B ..
=12.08x10 L5H, SN

~

S1080 1.4 X-BRe [Badd eld © 3 SR fee disH Sl wR4s W B A Sl 4R
3.608 x 107 cm €. ollost 215 UAIML 51U+l deidl 8.92 g/em? 455l a1l wudl €.
SluRd, umedld e dwll.

B3a fec Al ollotdmi Wl 2154 SN uRHIRLHL Aval z = 4 UMY
dN Aa3
V4

e, M=

_8.92gem™ x6.022x 107 U218, mol ™! x (3.608 x10™ cm)’
4 4H1B,

= 63.1 g/ mol.
stu wrHedly e = 63.1u

c

53015 Racar cop @R A €9 At arl 2802571 X-(3lAL 21021 22ld 9 5 s SNl 1R
doilsS 408.6 pm 9. [icazl andl aell (uHiedly s =107.9 u).

Gra Al cop® dall uld s s Ricar umigyl dvai z =4,
Ricard W2 eq = 107.9 g mol™! = 107.9 x 10~ kg mol ™.
sl QIR dollS = a =408.6 pm = 408.6 x 1072 m.

zM
a’N A

_ 4%(109.7x10 kg mol™)

T (408.6x1072m)? (6.022x10% mol™)

=10.5gcem™

d=

CERIR

=10.5x10% kg m™

quul AoiBd us-y

113 20123 Agd A5ed 24l 24851 B-uRaelly Aol 2iis 9 ¢dl ?
114 s A2t wasielld dgd A5l - ei-itd 8. d-L 0.5 mol Hi [B9gi-l gat vl
Sedl il ? 21 Whleu Seal [Bodl umAsasla © 7
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115 25 ddloe ol dwedl M i Nedl 2203 6, dd Nocep 22 8 2 Ml UMl
AHAQEASIA [Bogirll 1/3 oL A3 6. Al YA 9 e ?

116 DaA-usial 5§ @lud el ag Agan addl ¢ ? (i) el uHalA (i) 2id:sl=d
AnE-ild 24 (i) wesielld Agd Aglad alea.

117 2.7%x 107 kgmol ! HldR e H1dd 215 drel Bl 2154 514 22 89 F+{l &R ol 405 pm
69, A dil 8-l 2.7 X 10° kg m™ €ld dl & 254 st uslet (nature) 3cl ¢a ?

1.9 &rl UEIAHL 2AY8ldl
(Imperfactions in Solids)

1.9.1 [Big ala-u usR
(Types of Point Defects)

2625y g uglalui 2stouon(RraiR)-l dxes distounn((@ai)qL s+l
AusilL 82s sl dlsasll €l 9 dx ol 28Ryl dldl edl. i Ad
et Ugldl Al 25 R51e] HiEl vl A2ed 4 B, AL 28R ua aly
€l 9. g pUIR w[25l50 WlEUL at sul 212alL A1HI8L (moderate)
Aol 4l Sld O AR oA 9. w5, (Ls15l) w5l R w2550 uBEa
ol % 4L AL Acl Gl 8 QUL AL Y A 9l uRL i 551 atlcall Hsd
eldl Al alaxl yaed Ad (basically) ves seil-l dusasil-l
AR . [ 2Au] s>l d ald 6 us-dl g 9. Big aly
i 2 ald. [Big ald 28Rsua ueldal uugml aa Bigl susoeusy
gl olsapllHi AMUBdAL Al RBadd © ud 2wen ald dAla
Bigii-l uua euami 2ued slisanlul ARUBLddl xad @A . 20
AU 2625 ald 58 8. 20l >iusll 221 e Big ali ywdl %
WyilRa vlel.

[5ig, aulcint ~20 wsiml adllsd 53 wsid. (i) dradial®lax ald (i) 2@
ald 244 (iii) Briceadia™an ald.

(a) dradiofaldy ald

2L 21l [Big, &l © % ant ugidsll dradiaBd vde ugiansdl el auq
iR 2adl GuHaild sl ald gl sdami 214 8. Yamdld 21 6 Usi-Hl
Sl €9, Rsa (vudl) ald 2t el ald.

(i) Rsd (vudl) ala s sedls Al e viel eid 6. ul s2s+
[R5 ald & 24 s & (dusld 1.27). 0 uelddl addiu
q2LstHl WREA 9. 24 el weldl 124 $cUHL 20 R wal (sl
A% .

(i) AldAEN ald : B 52dls 825 581 (YU, HaAdl
218)) AldAAlY 2 4 8 AR 8 vidudly
ald & A sday 8 (2usla 1.28). 20 &l ueld-l
Bedl qHIR €9,

[R5 2 idlelld ald Gu AHAAUL UHIGL
[Breiuaeld 8t glal sollcud 8. suuly adHl éxal
[Gadla deadl adas edl AgH. wH Rsd
Al AldAAL 8 6led o i aldd S5a A

254 1.27 : Rsa (vuell) ald auzél ald adls eald 8.

efast



(iii)

(iv)

ssd ald : 2 ald wuasdly
4 Ueldl glal sl © ay
Al 2 (e d
geld)  UYididl  ALHLA
RAAHLYL idRIAY AU
[QReuunA A2 2si9 (dis-
location) 4ad &l € (sl
1.29). d Rsd &l dsu ya
2 GUAd O i VL Adl
2wl ald Guend

215l 1.28 : widudly ali

~

£9.

seset alan [y ald ual s 9. d 8 velddl ardidl 32812 s2dl Al
Feset alct 2al >uasly ueldl sald 9. FHL uAsdHl 56 922 gRll 2l dsldd il 9.
Belewl dils, ZnS, AgCl, AgBr 2l Agl %+ 5133 Zn?" 24l Ag’ 2UdrielL Uil 58 6.

ales] ald :d yooyd Ad wua-lu as ueiini Red ald 8. Redlu deadl madl
Avidl He HAuRAL (O Addl) Al e weudsl Aval Al gl 9

(sl 1.30).

215l 1.30 : eizsl alq

Alel Rsd alasl
%4, dlesl alt ueid-l
el B2l 9. Ul Ert
el 2l alardl dva
AYAS €U V. Gelewl
al3, NaCIHi, 2ua2 10°
atesl ala wla Asl?
UL AlUHIA €l 69, 1
AHHL 209 107 214+l
eld 9. 22l e 10'°
il s sl ald
gl 9. sl ali 2
-y usidl sl 9 FHL drllded 2 BRUUA @OIRRL

N N

AL Se(size)dll €l © AR Belgwd a3y NaCl, KCI,

~

CsCl ot AgBr. i i, %S5l 5 AgBroinl 3w5¢ i 2li2sl

o

% [Wauldd NaCl i 2ldl o2l SrClrl 8L & iri drf
252515301 sl 2Ud dl Na'=lL 32dls 2l Sr2* 2l
ad qadl dq 8 (dusld 1.31). €25 Sr** 6l Na* 2
F01EA 8. o V15 AL, 2 A B e ofly 22 vl
¢ 0. 2 dd Gt yddl euuddly [Rsd 2l Sr2t

Misld 1.29 : g5l ald
@f} CL @_ﬂ; cr
F < o sald 0.
ClI [ cr XN&
(b) #y(% ald
'“**,‘
@ @ B
A - r ? f,.,..‘_
-+ {I}E@ L ENaf}
S S
15l 1.31 : NaCIHi 4ritde (33 2914 Na' f

S a3 Qe y-al x4

sl vl gedl % €ld ©. g A Gelerel CdCI,
2l AgCl 8rl glasL 6.
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i5ld 1.32 : w2540 F 5w

1.10 [agydla gl
(Electrical
Properties)

26
2eUlasi

(¢) [rdradiofdldy ald

wewz Yl 2l 530 A ald 8RsHU ueldHl dadafd v
welatsdl Aedl. ax odi [@suor el Bidwadlofmlds w15l @n
gl RLdL oL © FHi ges drel BirtdrdiaFHdy opRiul ¢lu 8. %
au-l 25025 22-uMi-l alan dlB ¢l 9. 2 &l ol wsi-L 8. (i) Hig ARl
alc 214 (ii) g Glawy ala.
(i) g aqRl ald
. wietiasla (enasdla) [Rsd 2adiq s aig a4l ald @ NaCl
24 KCI %al 2Uesel datsds 241 usizel el sald 8. s ARux
SARIOSAL 8625 AURBUH oIMUAL ALALARBIHL AH ScUHL 2419, €9
Q1R ALUH UM, 825+l Auiel uR L ad 9. CI™ w25+l
AULEIHL UARELL WA €9 i Na UHIRL A2 U414 8 214 NaCl
U 9. 2L AURAH vl Na® i eisael apaldl
SAsgirr dlfl o 9. 1L 1921 Widl SAsZir WR5HL U O A
wirlaely 22 AsL @ 9 (pusl 1.32). 2ud uReud w25 ¢a
ALRUHAL AR 81D 9. 244U SASLIA gl AsAL iy
Qi F 3*&("6{['1 6% Farbenzenter - 39{A 3+ H12) 5¢ ©, d
NaCl-lL 25257 {101l 301 200 €9, 1 201 AR 5[5 drl U Usdl
29y, wstaigdl Glod N 8 AR Grlsd adl 2 SasgiqA i €l
6. ddl o d LiCl 285 ay [y el dpdiell a1 214
KCI-L 252571 ay wiefy sioel (vaan laasll) otuid ©.
o Hg Q4R GO ¥ 2RIl 240 YR GHIRL St $51R8)

g1y & : [Bis U5AS 2L dluHIA 391 A5% Sl 8. A= O1RH,

sl o USSP B i low 2010 FAUU B,

ARY Sl

ZnO Zn*t + % 0, +2¢”

-~

sd g5l [Bisell atRl €l © 2 dd Yot Zn,, O oA O,

S T
N

AiRLAL Zn?" i el 2 drs WA © i A2 wdlell

(Rsel) 2™ 2L dS VA 9.

(i) g Glaw ald
Bl BRI U UEldl B FHA dHHl dradlolfMiay st Hosotdl
oirildall 4o5e 69 2l o ctratdlaURd WHIBL Sl 2L WARLHL
i 2 B 8. g s [Afre GediRel FeO 8 % Hie eudl
Fe, o0 8-l Holl »1d ©. d waur Fe O @l Fe O -l
JUsUAL €l 9. FeO L 2[25H1 Seells Fe?" viluq o addl U
£ i 2L YAl geldl o33 AvaHl Fe? auan-l el dli
UM ALY 9.

a ugldl [Agd dissdidl 2uady-s ouol welld 52 8. % 27 su-

(order)dl a8, id €9 24 {10204 107 ohm™ m™ %ed] ¢l 8. 8-

Yelda dusl dlgsdlal 2R 8L usRHL s 530 wsiu 8.

(i) alesl 2% aq 10* &l 107 ohm™ m™'+lL SUoUHL Alesdl HRAA €9 A
ASSL 58 8. digin dlesdldl s¥ 107 ohm™ m™! edl €l & i
il yalest 9.



1.10.1 tugimi [agd asn

(Conduction of
Electricity in Metals)

1.10.2 g st [agdsy

48+ (Conduction of
Electricity in
Semiconductors)

w5lA1.33: (a) q1g@l 2
(b) AHdl&5] 2
(c) »tqesl €35
(324141 21126912t
3361 [At1R A5l
ye galq €.

PE—

Bl

(i) 2AUes] o BialL 8e Yelal © FHl dlesdl 24is] 212d 3 10720 o)

10710 ohm™ ' m 'L duouMi el 6.

(iii)  wHaesl L AA v ueldl 8 el wssdl 1070

10* ohm'm'l Heml €l ©.

Alss [A8ds as Sasgi vaal viaHi-l [Ba2id (movement) HIRsd
5289, Hicdly, Augsiqll uad (el 2 [Qgaldoussindl ofle (el
AHIA ALY 69,

Al B dxy [oLdd vaenHl [Qedd ase 53 8. aigii-l
alescl Uld URHLY, HOAL ALY 5L SASZAL AvaL U SR AV B, i
w1l uRHIEly sa sl - 2Aedly saisl 23 O FH-{l Glost sisolloal 2edl
425 €ld 9 5 el uarll 2L 53 €9, %A UL U2 iU HRAAAL €14 AL d
Gl Glacuon A& ASAA dlesdl U2 A8 Al Ay, dl SASgiA w01l
alo) el [AgLd Al S50 A © A Hig Alssdl 2l © (2usla 1.33 a).

ol HRAAA ALY 5L U2 2, uedlel Burl Ale MRrAAL ue (dlssdl
u2) a2l oul () %l adIR €ld d, SAsZ ¥l Sl A5 Al 2 dal
weldl dlesal vot el Gl 6 2t d Adles a3 adsgs euiad (2uskt
1.33 b).

AL GUodAH] ALY Sl U2 A Alesdl U2 a2l oul iied]
€l 8 (puslat 133 ¢). 2uel 3eals SAsgin dlssdl ueHl sEl ¥ A3 8
e Aldls (Beells) dresdl suld 8. xSl [Radla Aesdl diudissl
QURLUA AR B 519 S Al SASZIA Al sl ueHl SElRL o A5 8. Ruleisin
2 MU FaAl usldl i UsIRl ades suld © A A AidlRs
(intrinsic) 29U Sl sdaud V.

2 2UdARS AL s Alesdl WHBRLs GUARidl Hi2 agil o i)
€l 6, il Al 4oy wgfen 33 Wl GRAA il asid. >
uBaid ‘Sl (doping) 5& 9. Sl Rueisi 21 UM Fal 2UidRs

Al Sl U2
vl e
vl e
ERCHEETE
o «tiell Gl
(a, Glost 3u) N
s Ay
MRAAA Y2
2491 Allaa
@AAE U2 ue
Bl 2SS wHales
(a) (b) (©)
27
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hales 52l a4 SAsIA A (5 Ad SAsZA Glau e[zl Gudlal
53 53 wsid 8. 2udl gl Sasi-ld ald e 52 9.

(@) Sas2i4 4y 2yls :

RUlASiA 217 MUY 2l Sl 1440 A4eHl AHUEAR © 21 dud
g5 AR AUSsAL SASIA Sl 9. dHell W51 25 UMY AR
AAALYs o8 wlell AL orild 9 (2usld 1.34 2). 2 dde 14 15+
drell Al 5 P oiddl As & A% SAl SMHL WA SAS521A 4 9 drl O
QUL s2cUHL 21 9 U A RUlRLSIH 24l R Sels Al ALl
AS & (2uslit 1.34b). uizmial AR SAsgi Rlasiqe 412 wdall uHie,
ALY ASAALYS 614, GLrlldclH] QUYL 9. WAHL SAS52A AHURAAL 9 i o
(Candlsd ad 8. 20 [Radlsd ddsgiv du skar Rulesis(>aqa
g [ M){l clesdl a8, vAEAL dlesdiril ARl BRIUR SA 52
51280 €11 9. el % SAsil uyg g WA U sl RilesinL n-UusHlL
wAULs seUA B,

(b) 8ds2in - Glau »1gls :

RulAsiA 2Hal g FYHA A3 1341 drel Fal 5 B, Al »1adl Ga % 219
AALAL BAS2IA UL O Ml WA U 530 wsd 9. o woUL wdl Aldl
$As2A oM 2Acl © A SAsAA [ (hole) wHaal SAs2IA [R5l
(vacancy) 5¢& 8 (2uslat 1.34 ¢). udall usemial $asgid »udld »u
SA52A [9gA @3] 2 D wal ¥ 52U Al ldietl Yol 22l SAS21A
(9% 914l & 9. 2 20 UHL o1t L g 21l 3 SAs2i (g AR Mudal
dasgi Boardl [a3e Rani oA [@gdly dst-dl 2 dsa, Sdsgi
B MRl W2 drs SAsgivt (094 glal %3 Ul AH a5 SAs2iA
(96 4AGUR a4y ASIUAL © A d BRMIRA W2 ds vl il UsIR-L
2HALES p-USIRHL HHALES SSAUY O,

fe, [f9g

A SAs2I N
) (dasaiq <le)

RulLsic v+

.o C
Ayel 2R N=Ys1-L prusiz-l

(a) (b) (©)

2i5ld 1.34 : 436 13 24 15 1 SAs2i-twu S n-4512 24 p-Usieeil A4S ST 4%
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Jotsly
DIESTE)

WU
beg

25ld 1.35 ¢ (a) sa514 SAsgi 211 (b) A4Lild SE52ix
2418 et Yorsly AsHizT (REa-

111 Yousla el

()

(Magnetic
Properties)

/,-r SAs2I

n-US1R+1 AU p-USIR-1l A4S AUguaton (Gualon)

$ASAMS 825! 6irlddl HIZ n-U51R S p-USIR-il 2AHALSSIAL FEL %YEl
2A1o(l532 AURA B, §14LS n-USIR AU p-UsIR-L 2SI AUolls2 &
2 A UE2s1U2 A0S QuAA B, 2[FReR s USIR-L HAALSS 6{%1 WL
6L {8l s ARl 24 As[32 (sandwich) 5319 oirllaciMi 2Ud €. npn
il pnp UsIRAL 2002 UL Al AR oA (A5l uRvAl
2l waltd (amplify) s2cL 2 Quad 9. AR S8 (solar cell) vis
s18U 12918 8. % usiaL Gloant [gdlu Gloasi raal auid 8.

o HMHUM 2 RS A 144l dwall © i dell A1 A5l
dasgid dudl cle@sdl €l 9 i d -l AR sy A O,
[yausial 8- 212l uelal (solid state materials) A¥e 13 4 15
w2l 12 vt 16 il Adieilseie]l otdial 9. ¥ Ge 2144l Si -l
AR AR ALY A5 Gelwd (stimulate) 52 9. UHS 13-15+1
[aRre Axlxl InSb, AIP 21 GaAs €. SUddH UGS (GaAs)
2cesl vol o sl UGl (response) 2UU © A AHBL 2fdles
el (Bus2ell) (devices) Aol sile 4% 9. ZnS, CdS, CdSe A
HgTe u4¢ 12-16+L il Gelssl . il Adly-iMi olt qyel
AAAYs el il v il qalBsdl ol draisl [@edmeidl u2
BHIR AL 9.

2 olluid ue B 3 Asila g AHisuss Redlu spnariui Aitus
dstad e2d 8. TiO, CrO, »im ReO, Hig-l %4 dd 8. 3¢[MuY i1
(ReO,) dlesdl 2int griadl dicdld siuR dl 8. ofla Seals Hisusds
%4l 5 VO, VO,, VO, 1l TiO, diudil W 2URd Hicdly »taa)
Al Sl AR £ld B,
£25 ugldnl sl 12 et Aldl wsll eisl o €l B, L 2RI
Beotarall SASZAUL 28A 8. 825 URHIYHIAL SASRIA S5 UL (tiny)

dots a3 ad 8. a-dl Jeisla AsHe 6L usR-l
afcimizl Gedtd 8. (i) aril Sraril iewasl sasly

Aotsla Ao ol 2 (i) arl Wldiel 8+l 2uAu ey ol

SA52I

(pusl 1.35). dasgiq dlysulRd s gl 2
L usRAl Al sl elanel d-t dlamaisHdl 218
Al gy (W) % Foetsle AsHiel qd 9 d -l
el el g9t wum, 35 $ASAAA sl WA A

(b) Ean all 208 dAdod sasly Aotdle AL HAd 9.

oisly AlsHedl 2L el gl 2l €l 8 A

AR % Bsual Wil asd A ellg HoReld g 58

9. drl 6K 927 x 1024 A m? ©.
sl 2ot 2RIEHiAL IR ugialal ui el (32013 )4l adail

wstd. (i) 2esla (i) ulaeiosla (i) digaiosla (iv) wladisosly

2§ (v) 3%0ALRs.

(i) 2geiseq s 2Aosla el qeisla sl Melol dd 2usniy 9,
il oSl astml visuvl (AHin) Rl o Aesld o 6. dil
2otsly aotedl SlRelwlMl e 2otscd oI €9, AASA s
Al AR AHYPHA SASRIAH] 1ol 51280 €1 & % otslu del
A 8. 0, Cu*’, Fe¥, Cr¥' »ilal ueidli-l 2etls Geleal .
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e dsi

30

(i)

(iii)

(iv)

v)

()

(b)

(©)

HlAoiseq oSl ugial Aoisly sl Mol d >tusdel wa
6. H,0, NaCl %1 C_H, »lal Ueldl-l 32dls Gelsal 8. dil
Aor8ld axul ol Aa (e Bami qesla o 8. uldziesa sial
uglal sald © FHL ol o SAsZA YU Gld pAA A uBl
HAS2A 204U A €l SASRUA, You dAul 2etsla ALsHUA

C \

2 (1%2) (cancel) 531 & €9 il il -l AeAs1A OLRIEH, AHIA €.
dleyorscd : sedls sl Fal 3 2uas, sienee, s, SdaMHuH
et CrO, Yotsluastal] vot o woi A 2ushid 8. vudl vl
C‘l\léﬁi;f’{él!{(ferromagnetic) ueld 5& 0. WLl USURL BURid il
uglal sl W2 Zoisl o B, e BRAHL disosly el
fid UL 25 AL [RcR(region)Hl Aes d oty €. ¥+
QRS (UOUARL) 5 8. UH 825 QRS 35 el Zois oS ad
0. dleotfly ueldal Bizotsly sl duS sHadeurd d
R[4 (orient) 2AE 11 © . asil 2otsld ALSHLL e
(-ve) 214 9. w12 UeLA 2ot SlUBAMT HEAUHL 2 B AR otHL %
QS oisld &l Rami AlMaun Wi 8 (2usld 1.36a) 244
UL 2o151Y A Uel A 9. JHOA 2l UHIL sHolg A,
Aot Slaaol g2 Sl U AUl Add 2UgT (persist) ¢ € e
dlsotslu ueld sl 4ois oA 9.

uRdleyorscd : MnO Fal Ueldl % Uddisdotsc sald 8 dusdl
SO @Al digiotslu ueld Fdl o dld . uRL dusll das-
ssollondl (A3g lofaun q1d 8 24 Asollaasdl Aoisly
AU 28 (1) 52 6 (sl 1.36b).

SR¥0ALRHH : R ULl MM AvAHL JHOAL 2otSld
ALSHPAL AHIAR 2 [BrraAsiaR [Rauatial A=A 519 69
SRMARHH adiBa 53 usia B (2usld 1.36¢). 3310ARs
gl aviuelui dil el astell Mol Ad 2usiidd ga 9.
Fe,0, (Wori2192) MgFe,0, »i7 ZnFe, 0, ¥dl 3US2 »ildl Ueld-l
BelgRBL 9. 21 Ueldld dARH sl FRIARAH A & A
AOSIY ot 6.

215ld 1.36 o151y szl virie2 alsavlialignment) . (A=t

(a) dlsyaisld (b) Hlaaleyosly > (c) sR42s



QuiRl Aoidl usl

118 12 8et ueldn 2134 52Ul 20d AR 3al usiR-l ald Geatd ? d- dli sdl olifas
oA A WA B 2 3l Ad ?

119 flae Aqdol s wsRdl dadlolBilan ala said & 7 (i) ZnS (i) AgBr

120 ua-ld g ueldd o2 Gl dAdlysdiaal dtid vl e a3 evd sam
A O AU Rsa (vuel) eHl 5ql Jld elmd wd © 7 A wyeadl.

121 uadld an ueld Fua g qaRl ald 518 uRdedld Red -l €l 9 d 39
gald . UloY Gelswl A uuAdl.

122 AHe- 144 dan diod 29[ gkl SRioL 53R n-usial »faiss4i uRalid sd 9.
L 2Yls sul Al Ul ddl A 7

123 33045 adl 3R¥ARS uetliHial sul ueldl ARl sl Joist ol ? dHIRL
Bl el sl

ARIA

Bl VBl AlssA 80, 58 A SR A B dicd 5128 ddelL 825 sel-ll Flud e,
51 iR A dusil 422 uet wRRuRs Bul 9. x12s(254 8- ueldli wes sei-ll olsasild
Zsoun(d )l 51 g 8 2 uReuA d 2ldsila uadl-l g4 ad 9, dla (Flad)
aelbig dig el il 2acud wRARSA Gld 8. @RsHA aul dd-l wes seii-l olsasil
diotouon Yol suotg Sl 9. add dla (RBaa) oanbiy €la 8, acud [Qwiells g
0 2 Al SRR alal@ls 2sR G B, 3(RsHU B usidinl RMEl dHHL ges sell
a2+l WRURS BUlpliAl 1M YR AR AV O, vl 2R dHd AR [Qewdt(b203)Hl
Coulrd sl >0d 9. ¥4 3 2uedla, 2, Qi 2 ASAAYS 8 Yeldl. dll
AL OEMIML Hiel WML ¢l Ul B,

wlRsuu 8q usleldidL ges sell Falid eudHl dlsaddl id 8 ¥ v wlRsul

NN

[ARdR 6. 20 olsasl arRai [Bligpiidl BruRdedly e (array) A & % wls aln

Y N

s& 8. eds dAlza Big vasaml 25 sad 2 20l 8. 2sel, Ae usdl ARy asy

N N o\

O Fun ollan alku s¢ B, eds ARA U SIW sdadl dnil @als el yArialdid

A 9, 25U S ddl W dollsS U HIRL AL AR URUL gkl clalBls oA 9, HsY
SiM U[EH el S8IL AL VRUAL 2 UR 2L 3[Fd Gl 9. 3B AsH SN drIRIHL
50l AL i3 (vid:slsd) U2 835 sasl 3w uR (a5 Slwd) 2aal sas- o [BRe
il W [Md (831) (=] €lu B, Ald usiRAL 2R BsHAN U O, 3[Fd sHENA

N A

AHl Al ise AsHSUAL Ale USSR O, ¥ Ale clldu AlRAdl uRan 8.

s0ld g AgA 6L vel % el ARuML uRAA 8. vzsiellu 2gd Agad (hep)
A AMaAld Agd A5 (cep). olloant 565 Slsd unE-lY (fec) ARY ¢ O, oini dganel74

N

% A5 ASIA O, oSl Hasial o wsiL [Bogl - wesasly (s wd Asasly
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(Pogiall AsiAe €ld 9. Agari-l oflot USIRAL AYd Agart dldl Al 2 20l aHALA,
sell ald dgaq €l O, vid:slwd wnadu AlRA (bee) 68 % Aasiu s B. Al
AHAlY AlRAAUL 52.4 % asla AsH 9.

gt uslel ddedl UMl yel ldl -l du-umi el el usiedl Husldizil w1l
ald diu 9. Big all 2 v all o s wsiHl ala 8. Big ali 2 usidl €
8 - daraddf@lan ald, 2x9fs ald 2 Brdaaaflan ald. Rsa (ud oou) ald
A iRl ald 6wl dadiafmn al 9. sy g ueing w1 al -sa
29 A28l ald aly ez du B, 1z &l wlRsul 2farl wrdda sRd dau D, sua-ly
Al UELHL R 2udel 2fen Hed Wl sl gEl Adlasdl Gl B R sedls
Rt (vudl %ou1) Gemd 8. Biridradlof®ay ald - did a4l wsiR-dl 2 ad Glaw
usizll gl 9. 32dls auid dRdl s ozl wels ddesul evd s wEASsHL
Aot 530 emid 53 astd © e e gl oRiaHl sledls o 9. 2udl el Sasgis
GeloliHil [Aanor waiel Guaiall 9. ax uelal g8l UsRAL 2oisly Rl sald 8 v
3 weise, ulaoisc, Asdosa, ulddisdnsa »ia 3RUoAE3H 2L il Guallal
UL (sien) Ll (224) A 2ied 25101 GUSRAHL AURAA . AL 61t % ALAHHL ¥l
dasgi-ily olRRl Haal AL WA ydld 5T wsi B,

ALY,

1.1 ‘aRslsva’ udlusdl vl iUl sedls 1sRsMu 8- uslalidl BGeleel UMl
1.2 51, sy Fal o veldell ol Ad a0 w3 9 ? 58 uRRARML susni slaHl
yRaldd 3 as ?

1.3 <A g el sty deday, sedly, aoflelz (Reddlys) sadl 218RsHas
ilsd s -

() 2283 5558 (PO,) (vii) 3As182

(i) iR sige (NH,),PO, (viii) o ([axo)
(i) SiC (ix) Rb

(iv) L (x) LiBr

v) P, (xi) Si

(vi) wles

14 () ‘Aadl s’ ualuddl w1 9 © 7

(i)  URMIALAL AL His sedl © 7
(a) uHa-lld Agd AglAd @AM (b) Ad:s[wd wuna-dy =-uHl

1.5 ol dd st gl dddl 2 iy st URHIBL ARldl Sl dl de urRHiedly
gl 59 Ad 58l 53 wsl 7 ANl

1.6 285l 2audldl d-l oianBigl ot ualdd 2 8. »UdiaHL (comment) 3.
A well, Sdd viesisid, qadudd 91 s Maadl adnbiy Mlsdl yrasuidl
qodl, vl 22l ddAl 2idaedly ool [Qa i g sél wsadl ?
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1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

Al vyl i dil 3dl Ad [eRd sl ?

(i) vesielld Agd Aga 2w wxa-ly Agd Aqgd-

(i) sls AR 4 2154 51N

(iii) agreasly g 2 2wesasly (g

AL 25 Al s s sl seal aleu [big sal ?

(i) sdas slzd uama-dy

(i) sds 3l=d agsasly

(iii) @id:3(=d

Al

(i) ey A vuadlU 8R5L A2 AHIAAL 2 [Geddirl 2HIR1.

(i)  2Uald av ueldl dvid 2 68 9.

Al Bruml g 2sfesHl Agaq e ol

(i) Al AHaxdly

(i) 2ld: 3[=d ama-dy

(i) sas S[md axasdld (31 WRel WA 5 LR sseiload 21485 9.)

Ricaz fec aleuni wleslsaa wa o, o sl wrdl dousS 4.07 x 10° ecm i
gl 10.5 g em™ ¢ld, dl Riead wswdly en ol

25 AHA-lY 8 UBLE 6L drell Pt Qell 6tAAl €9, Qril URHIRL AME-AL VRIL U 8 i
P vicidvg U2 9. ALt Yot 9 62 7 P 21t Qetl Aad 2is Seell €3l ?

FAUBH 2id:slmd axa-dla AL 60R45810 WH 9. % vxdl 8.55 g em™ iy,
dl (RBrsd uadedly e 93 u ddq d-dl wsusdly Bt sl

ol viesasly (9l Brosdl r el 2 dgd A5l uHIgl-l Bl R €, dl
r v R -l ot Guendl.

SIUR fec ARAML 262415200 Wi © 1A Al wz-l dousd 3.61 x 10 em 8. galdl
5 asdl oiadlel Hoddl wndl WUl dedil Yed 8.92 g em™>A Hadl (uvll) 29
8.

yaussL elld 8 3 [sa wlisuds Nip, 0, 4ot 8. [sadl 3edl i NiZ i
Ni** a5 2lkac qua © 7

Adles 9 B 7 6L Yo UsIL A qginl 5 A dnsll alssal BuuaBim
ERETICTERC CICTR

[Birictraziofilcn syua 250088 Cu0 HAloLaonsl strticll 2si ©. 241 2llsu1dgH
SIUR L AUSAS AL ORI 2 0 1 sl 2Ll 20l 8. A A eslsarl Hledl 2l
Asal 5 2 ueld pusied 2ddes © 7

5[5 2SS, AisASS uan-l wesielly Agd Aglad @-uml wlR8lsw W 8.
Pl €2 2R wesasly [B9dl UslL oL [9gl 3[Rs Huudt ad cudal 8. 3RS b
Yol Guandl.

AAAniel e2s p-USRAL 5 sl dhAlss a5 ad aollsral s

(i) In d% du (dope) S\QC-\'L, Ge

(i) B ad qu 53¢ Si
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1.21

1.22

1.23

1.24

1.25

1.26

1.13
1.14

1.15
1.17

e (wMReld Bl = 0.144 nm) sds s[d sd siuml R8s wa 9. sinsl
el dousS sedl eal ?

w2 Rigidrl uaiadl dedul o dsiad 8 7

() Ales 2 2dles 4R

(i) <les A 2hAUSs A

Aoy Geleanl A 1A valdl dHedl ¢

()  wedl al (i) Fsa alt (i) vidudld ald 21 (iv) F-5

AU wnE-ly Agd Aglid @l 28R Wi ©. dsl wedly Bl 125 pm
2

(i)  2sH sl Rl dons seddl © ?

(i) 2PMUHAL 1.00 cm® sedl Sedl isH SN el © 7

% NaCIl 107 mol % SrCl, a% $I4 $2cUMi »Ud, dl Hrildet stasig(vacancies) il Al
9 e 7

oY Gelenl A1 {lAAL Ael AHHdL ¢

() dsdosa

(i) o

(i) 3R%oARRH

(iv) uladieosa

(V) 12 - 16 2 13 - 15 A¥SHL AAXHL

avugl AsiBA waiAL gl
4
(B9g(void)dl & AvdL = 9.033 x 10%
wAPsasly [Ba-l dva = 6.022 x 107
M2N3

ccp
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Sl

AL BLEHAL A0, 541 Ul AR ...

o el YEl USIRAL slaBlsil s
(6tvtLa12) aRlell aussll.

o el Yel sHML Al Alsdl
G sd 53 sl

o dilil [ A uBe [famd
(Rae 530 asal i Aol Asal.

o 2edl A [Birizlied alael d2 &g
uLdl assl.

o ardlas (™) glaRld Bl
(Rl (e 2ol asal.

o glamHl AvAALs L asidl usal
A VA GlARlAL HIAR g0l AL
rioifad 530 sl

o glaRlHl 3edls gledl glRl sallaldl
VRAMLY, AvALHS  OLRIHEl AR
AS9UL.

2.1 slaRll UsR
(Types of Solutions)

2190 (Solutions)

o1l ARNRHL adl e84l o ulFaril yadl g1 51655 usiR
HI25d A 8.

ALY, AL HUUEL GU9Y, % g Uelallnl Ausul wuclat ¢l
ML Wil Mol 6L 3 adiR L ueldl BRlad Mae €y
9. dxril GUABLAL A%l 2L dHAL A2 YR R AN
9. GelerRl dls, sl (o) (3 stuz 2 Bsd Bsw
£9) opatul, i Ricar (51ur, Bis A Fsasd Bas ©) »aa
et (1) (F SuR 2 R Brael ©) ol den
el €l O, uellMi 1 we ux MEud (ppm) sARISS iU
elctell &4 A5 €9; U 1.5 ppm sld YR SLEL UL €9 it el $eAL
auy Algdl 23 Ay 9 (Geret dls ARUH saids Gex
W2 32 33 ad 8). Auul AUl SFsAA Ral R ERPIDRID]
Algalol &R YAl WRlHL 2R0EL S1 89 % AllHiAL WUl
Algdl A YHA A8 O,

L 2LEHHL UL Yo Uelldl glasiin i dasl eiriaen
ARl A9l 2L eloldlnl glagliql oRiEHl Fdl 3 elsyesil
A ALULHS OLRIHHIAL AU G131 gL HUUBL slaslivl
ustefl A3 5319 it wesl waldl glaRiiHl e gl Algdid
galadl HI2 gel-yel [Asedld enailal.

a N

Sl 6L 5 quiR gesl- UuiolL Bl 8. udidl Ml 218

R N S

P AHDA 5L 3 dusd Aded A oEmEl uv Fsau

-~

BLSAUWAL Sl O, WM Ad ¥ ves Al AU WHIRML Sy
A glds d3d 2n0mud 9. gl ¥ clilas viaMl R 4
9 A alds 55l 52 9. glas Rl s Al dHIR gesl

NN LN

¥ GlARML S1%2 Gl B AHA gLl 58 9. Bl ASHHUL UYL

N

Yot (G200l glaid (3ed 3 6L u2sl HLddL) BAul A,



gLl UsR

UAHA S99

uael qlqel

TN

gl

Yy

yalel

g+l

ay,
yalel
Yt

Y
el
Yt

2.2 gaR-il AlgdHl

M5
(Expressing

Concentration of

Solutions)

2eUlasi

UL €35 ©2s U, ULl Al AYHA AL ELS U5 B 2 AU
A&UHL sies 2,131 »uud 9.

S2s 2.1 gl USIR

glas SRR AR E]

iy WUl A WS Ayl e
ay, AUSA% Ay WA By s34 sclAsid
ay A2 AYHL 5YR

Yl welMi sl 23d HUEA%H
Yalel welldl gt 234 -
watdl wellul sl add ogsia

g UARUHHL eSS glart
g AU A8 WAL B
8 ollesHi(Ald) sl add suR

glag daed d-dl Alsdl 2Aeasd s34 addl wsid. Algdind oLRIHs
sadl gects Ad wAasd 530 wsid 8. Geleal dils dpucts ld
8L s¢l Al 5 granl e (3ed 5 uwel Id sicdetl 8Ll Ul %2l)
Al Aig (Ved 5 wue Ad gl 88l R %) 8. uid drdlds
WAHL AL USIRL ABL BB oL vl Blet 53 i ddl A 3l
8 5 gaadl Alsdl ucts A ealdl as.

~ 2

glaRli-l Algdl wencs Ad avidl wslal a4 e wel Adl 9.

(i) eq 2511l (wiw) : glaBlHl desl gol 2sial] i UMLEL rvald
53 AsIA.

GlARHL 82 S e 1
TR IR

gesll S0l Y% = 00 (2.1)

Belsml a3, A 10 % ogsios sl wellui saldet €iu dl d-l
A AL B 3 10 g ogss 90 g wellui Houda © el 100g
gl o 8. e0 estandl 4 sAlAdd Algdl 0w Ad el
AALAMBLS 2AUAHL GUAlDll 6. Belgal dils, ey eeflEloL gias
3.62 g0 esl AU eduisdiRide welyl 4ud 6.

(i) 58 esiquRl (V/V) ¢ st esllldl i MMl valRd s3I0 asid.

CEEL T

—= %100
alaBle 4 5 (22)

gesl st % =



(iii)

(iv)

v)

Beleal dly, wellHl 10 % SA-d gt e ad © % 10 mL
SeAlA WRlHL onnaHl »iudd ¢ ¥l 4 58 100 mL A4, waldl
H2LAdl glaBiln AHIRL D L AsHHL wAASd sUHL 20 6.
Belswl dls 35 % (V/V) Selldl- sciusiad giagl % s ulaley
((RMHRAH]) © d 1L (MeHL) (Bl dldd W2 aud 9.
2 Aigdl 2 wlalen weld sy vaudld 2554 K (-17.6 °C)
ald 9.

g / 58 esU] (W/V) @ e s isH % AL I 2N i
2MEMHIRL @i Hi(Pharmacy) Quid 9, d 80 [ 56 25l 9,
d 100 mL giaeml 2loude s eo 6.

wed Y2 [Alyn : s gt Aldueu (trace) wRHL €l AR
Al gl wey ux FEuappm)ui suladl ag s 8 8
A de 2L UHIESL euvallid 530 asi.

wed ux (Mlaud

825l weAl Al

- - = c ——x10° (2.3)
GlaRIH AL 68 % B sieL ueAl 54 UL ’

25lURIHL sl WHISL Al Wed uR [Addqn ol o, seel
st u gl sl uel saldl as A (e eRuwd well (3
A% 1030 g 9.) 6 X 107 g i Hi[54%+ (0,) 41d &, el
24169 Aigld 5.8 g ulct 10° g (5.8 ppm) eRalAL WRil dls Hdusd
53 astd, wellHl adl didiaaEl deusil Algdl aHed Dd
ng mL" idl ppm udluHl sAlMesd AU 9.

dld o A 2 HIR AL Dd auRudl vl x © A wedl
omell 611y salldldl WelsR 425 YA O, dd 21 UHEl vaIRid
53 wslAL

gesell Wil Al
ol % Hesi-l WAl s Avdl

gesl Mld iy = (2.4)

Geleel dils, wis (2000 Rl o Al Hid Aqval 214 Bl Hid
Avul 2AesH n, 2 ong G, dl AsL i v g,

X _—nA
i AL H25L MRAAdL gldBl I MRLA HAEL,
_ n; n;
X = (2.6)

2 oealdl s 5 UAL GAnUL oHL o Ml piadl URAL s
QU Aed 5,

X, +x, + o tx =1 2.7
W 2ia SsH il edls olllas dRiuHin AsiBd sami al
Guadlofl 9. ¥ 5 gratel Algel i olrsuesisl i arfHeRil 1l
glaal Algdid agid sl wel % Gualell 8.

glagll



51U 2.1

G4 :

51431 2.2

B34 :

20 % ol delledlt scuusict (C,H,0,) 4icdl sl Sellefl sciusiettl Hiet (gL oLl

Q1L 5 2Rl WA 100 g stast € (519 el oreaiell A3 s30 Asid 5181 5, HAdL uRRIML AvlL %
©4l). L glagiHl 20 g Saldlq sausia 2 80 g wiell sl

C,HO, L HldR 801 = 12X 2+ 1 X6+ 16 x2= 62 gmol
20g

g = ————=0.322 mol
CHO e =
80g
el Qe = 7o oy = 4444 mol
18 g mol

. C,H0,-l Hiat
gheol ™ 0, Ho0,vil Hiet + H,OrllL Hiet

_ 0.322 mol
0.322 mol + 4.444 mol

R X B 4.444 mol
LY HAIEL Pwater 6 320 mol + 4,444 mol

=0.068

=0.932

RllAL Hie 212 240 I ueL ol wstd : 1 -0.068 = 0.932

(vi) #eulRe] : AR (M) aleuedl Hiaxdl vl o s [@ex (Axal
s 4oty YRHleR) glamHl vidudd 8. d uHeL vlld s
ASIA.

gledl Hid
alaRl s (@23l

BelgRel dds 0.25 mol L' (@l 0.25 M) NaOH<, sias

2@ 0.25 mol NaOH 1 (422 (s syfas SRidler) il

UL 6,

HaRd = (2.8)

450 mL 4laMl 5 g NaOH Hz1ddl siaeil {ialzel awil.
58
Ny — ———=——=0.125 mol
NaOH-L Hid = 7 o moll

gl se (@2l = 450 mL/ 1000 mL L'
A58 (2.8)tl GualdL 53

0.125 mol x1000 mL L

) - =0.278 M
Hekal 250 L

=0.278 mol L'
=0.278 mol dm™
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PERIR]

B34

wii) qla@d] : @il (m) 24 Ad vl s3I0 asid. d gledsl
Hidsdl Aval ¥ w15 Belum (kg) alasHi 2hudd 9. d i Id
iMesd 53 s,

aledl Hid

alaseo kg Ml

BelsRl a5 1.00 mol kg! (taar 1.00 m) KCl- slael »12d

1 Hid KCI (74.5 g) 1 kg welHi »toudd .

gl Algdl 21[MHusd s2a1] £35 Uglan drll s18el 24 31814l

Sl 9. 20 %, ppm, A A 2 Ml dryminel ada ©9;

R AR Al UURA WRet &, sUd SR8 3L 9 5 se

AUl UL MR AV B uig eo Al v

Hawldd (m) = (2.9)

75 g Al 2.5 g S-S5 2AR4s (CH,COOH)-l Hicuf&id] ouail.

C,HO, 1 HIaR 80 = 12X 2+ 1 x4+ 16 X2 =60 g mol’!
25¢g
la = ————=—=0.0417 mol
CHO MM = (T

o[t e kg Ui =75 g/ 1000 gkg' =75 % 107 kg

C,H,0,L Hld  0.0417 mol x1000 g kg™

C,H, 0, Mieufadl = —7=" o T e

=0.556 mol kg!

quil AoiBa usa-y

2.1

2.2
2.3

24
2.5

A 22 g 6l (CH,) 122 g steit 22156188 (CCI ML 2iougaiHi »0d dl 6D
A S0 225Dl e estendl el

30 % g0l Q[ HRladl Sl 2215AUSS glaRHl oDl WA i ol
Al g5 gqadl iR awl (@) 43 L oa@gdl 30 g Co(NO,), 6H,0
(b) 30 mL 0.5 M H,SO,1 e 531 500 mL oislldcii »uey,

2.5 kg 0.25 Hlad yRuL (NH,CONH ) gicl oi-lql Hie yRuud s 2.
o 20 % (s [ g01) elld KI glagi-l a-dl 1.202 g mL! €, dl K-l (a) Hieul@el
(b) MR A (c) e »iaL 2wl

2.3 glddl (Solubility) [Ew diusia sias-i [MlEw o2umi ueld-l veay el ol a4

d ddl glddl 5& 6. d gl 2 glastl AU U dal AL e
BOUBL UR LR AV . U L YRG0 8t 2zal iyl deudl-i
GlARl YR VU ML 49,

glagll



2.3.1 uq-dl uadlul

gleddl

£35 Uelel 2N UAEIHL 2Rl Al ARUH SARISS i viis 3yl

(Solubility of a Solid w1 21018, €. w412 Rl i 21241 24100 A2l 6l ellg U

in a Liquid)

2.3.2 Ayl uadlui sieud

(Solubility of a Gas in

a Liquid)

2eUlasi

40

ARl 2 il G[TAHL U0 9 UL AURBAH SARLSS 2 viig
20101l 8l g vl sAUHL 2udd © 5 gl gl gedla siasl
20001 9 il 2Hdld gl ibdld glasHl 20000 9. A 2d, gl
alalsHL LA, %L 2ULARARAY WRRURS Brtl siaHl 4u{l ¢ dl 24yal
248 56l S 3 Ul (like), UuAL(like)HL 22U €9,

I U gledel glasHl GHAML 2 8 AU s2dls gl 10
8 A glasdl ddl Algdl aBl O, w1 uBun [ 2wAal gdlsw
(dissolution) 5& €. glABIHL 52cls led 58I drl Gled AL AHANY 9
i glaRMl Aol Ul A 9. 2L Ulsul w815 als lonuy 9.
5 Al doiss el U oA UBUIL A Al Al 9, B
URRAMML gledel glaRMl odl 8 58Ul Avdl glaRiHidl 2Hedl Uidl
gledril 8l sellel vl Al gl 2 dell aufaslle Adan arAl W
AU 6.

Gl + glds = glagl (2.10)

L dAolss alaRHlL aledel Algdl 20 WAL (AlUML 4 8613l
2100 282 1L % wHElL WEAL @R Ay watdl slasHl ol i
6t €9, i glaRl 5 FHL 2UUA AlUHIA 24 B6UBL A gl vlouell asid
ALE drl A GlaRl 5€ 8. AP ARl A 5S O FHL 2L % AU AY
gl Ul Ast 9. glasL 5 % AR adal gied w1 aulaelle Adadl
Sld 69 o UG GLARL €9 Viel o gledeil SlARLAL HUUAL 2AHL HeTH %22l 9.
BIH, Ul laRHL sledetl Algdl del gleddl 9.

SUBL UG Ay 3 s ueld-l oflaul giddl uelE-L e
U BUMIR AN 9. LAY (variable) GuRid 6l oflon uReul ied %
AU A eolRl 2L uREeld [R5 8,
AYHIAl AUR :
Brtel AT gLl AUHLAAL 33512 UL A5 Td 2 WA 9, w5
(2.10) gL 2% 53¢ Adarn Al adl >0 ol Aqad glauel
d 4 A2lauz-l Rigian 24229 0y Ad A doLeidL Agid slaau
[Cetunt ulbauL Guwglins © (A H > 0), dl diusininil g8l 418 sieidl
443l 2t ol UL Giaus ¢, dl (A H < 0) gledl 82dl. 241 ddelr
wAdlBls d 2adis 530 asi.
golgldl Ay :
gollRlril gel glddl UR SUS YyAS AR Sldl Al 2L vedl HiR b
8l 2 ULl viol o SRASIAAIY €l 89 i WAiBLs d seltael 335124
[Br2A5125 8.

Bl il Welldl 0100 8. St wellHl @il el Houxl a6
8. 2 2 2101 2[EUA D % FNAAL Dadn 2sidl unL B, oily
6ly W Sl sAlUSs (HCI) weldl vot o gt 6. iyl
WAlGlHL gleddl eolldl Sl cluHidel]l adiR R Wi 9. ayHl sietdl



w

“f{ff{ffff;’fﬁf{ffh

| 3

Meen — 777777 TTIT]

EOURLAL AURL A1 af 8. Ualld] glasHl AL glal Wie susld 2.1 (a)Hl
gatiedl uHLal-{l weuel @t {12l oL gt € e GuHL ®UoL P eoudl
A T dludil dHd weudl-l ool €. 2L weudlq ouldsld da-
AARAML Sldl, QIRL 212d 5 2 WRRAHL slaRil elvd ddl 240 gldRl
selll 4] Bl AL sRleL 4oL AL 9. ¢d, sl 2.1 (b)HL salew
WHIBL glal selel GuR diye el eoita qriRl. el giatdl Wl sy
Sl AUYHA SBUAL AvAL B el A0l FHL AUyHA $R1L srat-l qudl
AALA 9 b UL Arl. Ayl gleddl g Adart AW A Al yHl anal,
it wRBuA gl GuR iy eoldl gl i dell gleddl asal.

&l (Henry) M Asul~is
gell. FHBL £6URL e Ayl slasHl
Gloddl 42 w2AHS AoiH S %
Sl [Rum adly slavus 8. v
Fay Mald $2 © %, 213u
Ayl gl siead
glagdl AWl uR W’en Ay
2AiRs couRw AHUHRAKL Sl
9. geet % Soildl Ansiel el
sl uel ddat Ad AR ed $
(b) wetldl sl iyl sieddl iyl
2[5 eouRll waud (factor) 9.
A UL SlaHiAL Ayl Hid
{9l GUALRL HA a3l 530, ol
Y sl AsA 5, GlARHIAL Ayl
WA {2 a8 Gurril Ayl RS souma AU €1 8. sl

(Mo vor o L dAd quld 3w Raled 52 8 % ‘ol seuul
Ay i8S eouRl (p) SlAHiAL Ayl WA 2 () AR €1

9.7 A A UL UHMIEL A[MAsd 53 AsAL

w|w|w

- = =
-
- -.....ll-._..."'

. S - o ot

p =Ky 2.11)

wlul K el Ras-l »taais ©. o il
il Hifs eonsl [A3g slaRidl dy-l Hid sl
dr €130, dl 2uusl susld 2,241 aled uHE-
USRAL 2UAv, Hadl AT,

A UL FEL FEL U K AL YL AL

(a)
25ld 2.1 ¢ iyl siddr y2 soug-l 2. 2ol iyl disdl
FAZ YR QUYL EGUSIAL HHHHIAL Sld .

1000
=
e
5
w
é 200
>
.T‘O
o
T

|
0 0.010

. HAOL Gl O, AL YAd © 5 K iyl 2aeidsd (G
0.020 o
(function) ¢9.

HCIHL drll AASALS 5PHIAL glebRHi

Wy 219,

2ugld 2.2

293 K dlu¥i-d
AIASAISSAAHI Gldcdl 1Sl HiHIOLs
ulReuy, vl el edll [RyHl

23495 K, 6.

HCI

A5 (2.11)4idl 21 @cifds 9 % 2 soudl
K7 G Hed uandlHi iyl el aieidl yad o,
sites 2.2 udl S wsid 5 N, 2t O, 6isd H2 K il
YA UMl Q9IRL A 98 O % YUd B 5 iyl

~

gleddl UMl d2ldl A8 9B 9. i sk 8 o

q1y -l

gletlll



ay

51Ul 2.4

B4 :

Ses 2.2 seels ude sl A welui &dll [Ruu- sanis yel

ALK K, / kbar ay AlHL/K K, / kbar
293 144.97 41001 208 40.3
293 69.16 Co, 208 1.67
203 76.48

s ess 208 1.83 x 107
303 88.84
203 34.86 EDPE] 208 0.413
303 46.82 [Qda vifHee 2908 0.611

~

AR RURAl oM wisll sl e wiellmi ay wolasyds ¢ 9.

A UO2%L Ayl 293 K ctruied winlHiel wauiz sauHl 20, dl 1 (@2 wielHi seei Bulaia N,
cuy 2iodl ? 2id 41zl 3 N, 0.987bar 2ils eola a% 8. N, 12 293 diumiAl deil-it Rl
2205 76.48 kbar 2UUet €.

Al gretdl wel glasml del Hid 2l 08 AsiEd 9. gl slaml M e ol sl
(R croy widl alendl a0l asi.

p (nitrogen)  0.987bar

= =1.29%107>
Ky 76480bar

x(nitrogen) =

1 [z well dril 55.5 Hid qd 9, dl %l N, el siml n Hid iy, dl

n mol n

= =1.29x107°
nmol+55.5mol 55.5

x(nitrogen) =

(9eHil n 2012y (L Sl 51281 5 d << 55.56.)
21, n=1.29 x 10° x 55.5mol =7.16 x 10 mol

_7.16x10™* mol x1000m mol
1 mol

=0.716 mmol.

NS

iletl (Rl 881 iAol GellotHl s 9 i s2efls waaue{ly
uRE2AUL AHAD . BUHIAL AHAUAL 2L UHIBL ©

o oAl ylou i AigidleRdl CO, il Aisdl driRal i ollece Glai
EOUBL €501 6if, sAML A 6.

o 40il (scuba) U592 2idFEHi (underwater) Gl2AL £oUSL U A
5269 UR AL -l GlaAl Algl A2 Ho wLel w69, eopisl
eIl Al alctaRelly il gletdl a8, FAR 4wl
AUEL WR U R eoldl 3 R ge . U AL Ayl
Y5l 53 69 el L]l WS ZL%ArL URUI2L UEL 52 69, U SurotladiA
6i4 (block) 52 8 217 desly d nelldl WRRA 6w (bends)
9 % L8513 241 @At QU3 Sl 9.

Rt



Quiel AoilBd us-y

LAl G g2 Avial i Al Ud2leeil Gl Alsaurdl [rug
1A, UBL §R AL HI2 2501 HRal [l a3 e s2ell sal (11.7

% [BlaUH, 56.2 % S22 32.1 % Ai[5u%+1 ) ] 20512l
GuAloL 53 9.

o ay Gluda ilsuud 2ils eousl o R sl 2 ld
9. L Ay GRS Wl dlsl Al UddRIESAL diEl A Guds
(Usll) (tissue)Hi ALEH~Ax] Ul Algdl drs el AU 9. 24l
5 UEUYA uddiRigsl WS Helon oiAal, e Sl Bkl Ak
sl SRAL ol 9. L RgAL A58 (anoxia) dils
oLl ol 6.

AlYHLddl AR

AL UAGIHL glddl dUHIAAL AHIL A8 82 69, AR HLAAL $id
8 AU Ayl YL U] sl Sl 8 2 [Qaundl wEaiA qeanq
(condensation) A18 Avildll ASl2A i 21 WEARL GWHL Betid 6. »UuRl
Bedl [Qowol »en sul 3 [Reaudt wBa alslda idad aulae
529 2 el ddl @ Q2lu [RUMA 2id AdH. [Qaun Guuaus
WEAL glatell UL Q9RL AR gl gedl A,

26 H,S s Roug iy % adal S Fell are 1ud B Al Gudlal gRucts yassemi
AL 20 9. %l H,Sel wellHl qieddl STP L 0.195 m el dl &sll 2t29is-l

olRldil 53U

2.7 welHi CO, Hierl sl »t2ais 298 K diudin 1.67 x 10° Patd. 298 K diumisi 2.5 atm
CO, &olIBL €64 Aglétd 536l 500 mL AlSLA2RHiAL CO L %eai~l 2181dz] 53,

2.4 il sapi-l oy
g oLl (Vapour
Pressure of Liquid
Solutions)

2.4.1 vardl-uadl

lABLAL BN g6URL
(Vapour Pressure
of Liquid-Liquid
Solutions)

ualgl glaRl w12 glds Ul Sl R A 8. gl Ay, dadl 3
a5 A% udlHl aypiia gl a2l [@ews 2.3.241 53 ysa
1ot AL [Aeuoiml, 2UUBL Ul 2 ariril ddlul sl 22l 533
2Ulal glaRll 215 2iadl a4, eisulld g2s HLddl ¢l 9. A, wandl
glas olsugild iy 6. gl siwglle Gl 5 AL uBL gl Ul HWist [gisil
glagli-l »2d 5 6l 425l 4AddL gl FH 5 (i) MaldlHi wadl x4
(i) wenlmi an-l 22l 539l

2uBL o) opnuglle wateldl (@100l alapid el dda A oL g2si
1 o4 2 a3 eaidlol, ol 6l WotHl dsal dl ol 825l susletas WMl
2 A0, oUsAl il Haldlsal azd Addrd =AW 2L dolss
WL 5 ge EsIBL P 6 i Pt Pogs 1 win 2+l s
RS oluesldl ©. AL ol RS oueoldl 825 1 i 2L M i
s x, 2 x) WA Aefd O

g ARl $-515% WIS B (Francois Marte Raoult)
(1886) AHril a2 oealcHs Aolt saledl. wiL ol AGeeAL [Ruu s

alagll



8 % MAlkd 52 8 3 owuglla Hadll slasl W2 gladl 625 des
A5 CUNMELURL GIAAHT WAL Al HIEA AU AHUHIRHL 1A 6.
219 ges 1 W,

P <X
N 0
A Pr=pr o (2.12)
b p) Yo 42s I GwIEsUd d % AL ©.
oo YHIGL HRs 2 HI2,
0
P2 =D> X, (2.13)
ol pd s 425 27 olmuesusl eAld B,
dleeniql 2AUAs coum-l [Rum wsl, wanidl siam said g4
BOUBL (p,, ) ARl Gidl U2l GUIMEGURLAL ARCUOL GRGR U9l 2iri
al vl uHSL saldl usiA.
ptotal - p] + p2 (2-14)
p, 2l pril HAl Ysdl HAdl.
0 0
Ptotal = X1P1 T X2P2
=(1-x,) p} + x,p) (2.15)
0 0 0
=pi +(P2 —Py) % (2.16)
(2.16) AdlseL vl «dlAdAl drel siEl wsi.

(i) slaRl Ut $A oUs ol OM d s HRsHl Wd il
A1 AsiBd 9.

(i) «ldB8l U+ §6 GUBULOURL 825
24 Mid i A A% Ad
YA wd o,

(iii) s 25 1 2t 2+l Glsuesusl
U IR glaRl W g4
GUMIEOLRL B2 1+l Hie vigll
IRl UHIGL B2 9 5 afl ©,

BUMELLEL —

GlABL HI2 p, tAdl il Hid 2 x

el ) (43 1AM £l 215l 2341 el

d A NN 2 ~ ~ ~\

R Sq WHISL HOL 6. i 2eudl (I 2 1) x, 249

N ~ ~ 2 ~ 0 ~

/s Y X, 7L M w5 el QR s ) A

’ ~o I p) (Bigiel uauiz adl Juuil . 2 % wHiel

Vd ~ ~ N Y N

y ~ Py (36 X mil et (Rua I uey vl

N 0

(2tslet 2.3). p,, L [Fedd e po

© el HedH YA p) O, 2y Wl 5 aes

ges 2 sl 2ol owvalld 8 ied
0 0
Pr <P2-

glal ALl Aqadul  wdl

oM sAL, A8 B2sirl AR el 58l

s owste W oWy, Ay,

/
&

X, =1 Hle i X, =0

x2:O X,— X, 1

—_—

Aild 2.3 AAN A e QB AUHECE M Hid
Yol 2dv. qes vl 1 i IT gesii 21l3s

gousl gld & (GudvHia] AL us1d & 5 p, el
P, HAEH X e X, AHUHIGHL E9) g6 HIMEA
sl I a3 Pilgrid s3a v g galda ©.

o

eUlasi



5131 2.5

ELX]

825 1 2im 2+l SisH olsUsellMl Hid U 8, dl dleetel 2AiRs gouel
(Ram-l Guadl s34,

Pi = Y1 Pota 2.17)
Py = ¥ Piota (2.18)
A

Pi = ¥i Potal (2.19)

298 K diudiel selisid (CHCL) 2t SliselAMaA (CHCL)AL 6UMestisl sigsi
200 mm Hg 471 415 mm Hg ©. (i) 298 K ctusisd 25.5 g CHCL, 2t 40 g CH,CI, - [
530 olAld Al glaRlt GUMELURL OLRIL AL (i) CUSUSALHL 25 825+l M 12 O8Il

() CH,CLi ™R 80 =12x1+1x2+355%x2=85gmol’
CHCl MR g0l = 12x 1 +1x 1+35.5x3=119.5 gmol’!

. 4
CH,Cl,1 Mg = — 208 - =0.47 mol
85 g mol™
CHCL i =— 228 021344
119.5 g mol™

se Mldl AvaL = 0.47 +0.213 = 0.683 1A

0.47 mol
=———=0.688
xCH2C12 0.683 mol

A58 (2.16)L GulaL s30
Pt =P+ (P2 — p°) x, =200 + (415 — 200) X 0.688
=200+147.9=347.9 mm Hg
(i) a+ls2el (2.19)l Gualol 530y, =p/p, . AU UYSALHL desi-L Hid 2 (y,)
o1Ril Asl.

Pch 1, = 0.688x 415 mm Hg =285.5 mm Hg

PcHcl, = 0.312x 200 mm Hg = 62.4 mm Hg
Yen,c, = 285.5 mmHg / 347.9 mmHg = 0.82

Yene, = 62.4 mm Hg / 347.9 mm Hg =0.18

e . by 0 — Y
4 @ CHCI, ues CHCIy sl 4y owwialld 8 [Pey ) =415mmHg 5,3

0 = S A N
Py, =200 MM HE ] 243 epwusen e CHLCL ol a4 wys el [ Yenycr, =082 243

Yercy, =018 sl 2 el 530 asid 3 2idant ¥ mes 4y euwlla ¢l dsl a3

osusAL SHAL AY g AL

alagll



2.4.2 dl-u Run-n [Qlre
(31 als AGee-

[Run (Raoult’s Law
as a Special Case of
Henry’s Law)

2.4.3 ydlHl 8-l glaQ-L
OLRYE LR

Pressure of Solutions
of Solids in Liquids)

(Vapour

RGeerlL My WL, 2uld sl sl des ssussdl p, = x,pd
a3 saldl ast. Ml Ayl siaul s qes osuglla © ed
5% Ay ddls wRad 1A B At 0l A 2L Yla 5 gl
eoflrl (R 9 Al weusl (AR sea & oyl 2udl asi,

p=K;x
ol U8l AGEHL [HUH 2 Sedlel [y avudl, dl s asiel
5 olsugle Bes adl Ay RS eoiRL glaRMiqL Hid 21l AHUHRLHL

LA B, HIoL AHUHRAL 212005 pd Hisl] K 4l % e 9. 24 1GeeHl
[Fas sl Masdl [@fre Bil a © ol K orez pf au o,

ol 215 AL GlARlHAL AL UUEIHL 2AUAEL Bl HRAA 8. Gelswl
a5 AR 5AIRLOS, 9510, ARl S vy WRHL gLl 244 2013+
B AL S16L JUASIOSHL GlABL AL LAl S2els dRIMMl s
glALSirL ARIHHL 5l d2et A0l S B, GeleR dz1E, olsugonal. »0ugl
IR0l XML 2154 540 2euid 541 5 udldl 20l A oisfledn
WH 8 2 Adad URRARHL sl gl daldl GUR el Beurt A
€9 2L EolRLA GUMERL SEHl 2Ud 8 (sl 2.4 a). g HAElHL

olld gl glasHl Guadl »ud, dl (busld
2.4 (b)), slaRle GUMELURL HIoL slasHidl ¥ ¢l

Ayel Awdl uatdll 20l AsiAd Su 9. A
2
2

9 £, U AUMLA laRle GIBUEOURL d % dlUHIA
2 A .
? ? 2 > 96 GlasTll GIBUELLL Sl LY €l B, glaRidl
AUWEL UR 6l gled i glasHl 2, €1y 69; il

PNDIDIDIDS N .
glasel 29, a3 AsAA 54 AWHL Sedls el
S s15 g1+l 1 mol ge . ulReud, awdl vl el udl wdl alas

.
= gled-il 1 mol el Aval 83 9. el susugeusl usL a2
8.
@ G452 g S .

glaseil GLBUEOURIML HRLSl GlaBMl el

(@) (b) N 0
vold gledsdl del aeual adat Jd el
A5ld 2.4 : qicaql grasul @wRld @ld @ast wR MR AN B, Gelswl dd 1.0 mol s

sUSYEAIIHL Al dels] (a) siasl 4wl vl
Al A1l ulaa @ a3 saldd ©.
(b) f1q9IMl, gl 804 D q3 guldd

N A

ud d AW EASAl 32Als Ao AS

46
2Ulasi

25 kg wellHl GHRA]l Adl sisusslRMl B21dl,
1.0 mol 3[RAL uRvl 2=l WML AHUA ML
GHRAL HOdL B2l Fedl €ld 6.

(@) by

2]
e WML 3L UGl Run [Ralza 30
WL 3 SIS URL glaRl W2, SlARHiAL £35

sl B2sd iAS UMELUR Al HIA A AHUHR S 6.

[g2ioll glavmi 20Ul giasa 1 27 gledn 2 a3 saldlal., sl
gled HoMella Sl IR HISL glastl AR % GUUSEAML Sld 89 st
dGIMEMIBHL SlO1 U S, HRL 5 P oaldstd elsugeld ©, x

1
Y

el Wi »ia 69, p? Ye cRAML def simesisl ©, dl AGeeH Huy



25ld 2.5 :

oA wae o4l ¥
Algal e AGee
[ 22, dl
d  oMYEaIs
Y4l Y s
S ENIBL Y]
2uily 2ld Aldd 49l

GUMIEOURL —>

2.5 2 Ax1 [Biugsl

LR (Ideal and
Non-ideal Solutions)

2.5.1 g glaLl
(Ideal Solutions)

2.5.2 [Biazugd gael
(Non-ideal Solutions)

s slcs uHIEL
GLMLEGLEL Py < X,

A 0
w1 pp=xpy (2.20)
AHUHIBLAL  AYNLS As  alds-l

HMEAIRL ) GRIAR Gl . GIMELLYL

i glasHl Hid AL 2UAv Y 0

0

glasl W »a | (2usla 2.5).

xsolvent

waldl - uandl glasia AGeAL FaHAL 20 el 2 Birzuedl glasil
aly adllsd 53 asiy 9.

Algcldl AY8L ouow eAHAIA ¥ gl ABeL [Muu wad 53 9 din
21189 A8l 5 9. e slaRlA oflo 6 oRIHl iy 8. G el
we Yg v2si-il Bmedl si-edl g gld 8 2 [Psinid se uel g
Sl 9 ed 5,

A H=0 A V=0 (2.21)

UL 22 WH A O 5 U desiA HE UM 20 O AR
G ULl Wt el tr Geurrt usL el el qofl giasid se oid gesi-l
$eell ARAL 6RAGIR AL, Rl 2, ala@-dl 21ed adys 6 yesl
A A B Al ade unend] adlat. Ya desiml 2idauedly susia
uRWRS (Ul A-A il B-B usiz-l . od12 [gidll glagimi 2L oA
uRMRSs uBul Guld A-B usidl wiruRs (Bul ugl 1R ¢,
A-A 211 B-B d42Aril idauecdld 21588l 6ol @aLedl A-B Fedl %
82, dl d el gl @AMl uRaud. dysl el gaR gdet 8.
Uig 3edls glaBl ddusl @oleidl e Cid 8. n-dsdd 2 n-gwr,
AHLSAA, 2 sARISAA, 6Tl et S AR srasll i [Eewal
Aulare 2y o,

UL GlARL UlgAlrl AHAU 210U eHAULA UGl [Ruy wotdl e,
QAU A [Biri2iledl glaRl sSAUML UL 9, BlAl gLl 6isgslElL AGeRxL
(s (sl 2.16) WL HAHIMA Sl UMEOURL Sl AR 2l
2l €l V. %l A AU Sld ol glaRl e (A2 21 © e %l e iU
dl AGeel Faunell 1ol [Aad- sald 9. 2ial slaeliql slsgenel Hid
2ol 565 A3l i sl 2,641 sl B,

L (A SR8 2Rdl 2R dirll WRURs UBAL aciam
W 9. UGl [funl 4 [QudHl olotddl A-B wrulRs (il
A-A 124l B-B 52cl o0l $1d 6. AL BRUML gled-glas AR a2l
AU 2UEURL 601 Gld-gld 2 glas-glds didRuedld wisvel
GOl 5l Aol Gl 9. Ul e WM A 5 Ul alaRiHL A (AUl
B)lL 23>l g oAl Sl Ay aadedl 928l asl.

glagll



25ld 2.6 :

of ees youdl-l
GUMEGGL  HELerivl
[q44 avls
(@) AGee [~y4e]
4 [quan  saldg
q1q8L 24 (b) AGee
[qa4e] 89 [Qaen
galdq S198..

BUN AR —

eUlasi

g1ty eUsesuRL [ GlARLy LgLIR
S N
\\\ "‘-n-n..___hh_ Q:/, \'\.\ —
= 3 "~ e
‘\\ — ; \-\ —
\\ - o ‘\‘\ -~
L - " gﬂ' \\ "_--"f
- N 68
?1 f"’ I““\_\ PJ - \'\
- -
= - \'\.\“\ 4 f..-"" \x\
,..-"! \\\ ’#_,_.-'“ =
x,=0 e i x =l =0 W wa o x=1
xX,= 1 X, x2=0 xX,= 1 x> x2=0
—x, —x,
(@) (b)

VL GYEOURHL ABIRL 539 i H [QAdAd]l uRemel. Sl
. AR Brag 2 Ad ad 8. g SANAHL A S
oll8c €l & Rl GUcl ddl 2R 1AHIA HRAHL 922 dllsaly

9 i duedl QAL Sedls el ot dldl vl 9. wraulRs Bl
Aotfl 2 efld glam uBeHl Ruell 4 [@aad said 8 [2usli 2.6
(@)]. Lot SLHAESLO8A AURSIHL GRAL Glrdl gl sledt-glas i)
(el wiRuRs Bul slet-gien i glas-gias il a2l stqadl
wRRs Bul sadl ool W3 9. wiL gael 8 Badad suald 9.

AGeAL [l 8oL [QaddAl BRUHL A-A 24 B-B a2l
idR2ARAY 250 6101l A-B a2l Aidiedl 2isieL ool sl dY
610U €1 9 L GlEL olsULeIRIHL BRLL A1 €. L uRRUH 28R [QAd- A1y
6. gl it il o 21 wsie Betswl 6. i Bruxl BHilds
Wil e iAldldaAl Sl 2yFHA dAsgiv You L
ALY LS 6if, 15 % USIRAL AP QAL Hiduedly
SLOZ L 61t 52l A, UL €l 9. L % UHIBL SARISI 2 ARSI
(el id alast oi-id © % AGeeril MuHell el [[3adn eald 9. i 5128
28 % 5els1 AR 48] 18 el oit 220l w43 & % |3 salda O,

HsC cl
/
>c:o— “H—CCl
CH cl

3

2l ex5 sl QUL 925l wAld adsl Hey ©. gL wReud

GUMEOIL B2 © A R UGl Funell suel [Baad sald © [2usla
2.6(b)].

Sedls ualdlpiid (el srdl 2B A 8 % Risll Faw
£ UL UAEL Vi GUMY HARALAL UERA AV 1A € DUl HAL AUMLA
Bsal &9, vual Brudl [Gewolly [Fraiedall gesl aol said wsd -l
6L WSl B Sld 9. ¥ [A3rdd Besan 2B 2 HeTH
Besart 2A[BU2M 5 O, giavll ¥ AGeel Fuxel ay, 4q [@adq suid



aul Aoi[Bd usn

9 d [alre Aaed My Gesad 2A[BUU2IM 22 69, Gelew dils, Said-
Wil (viisL naaeel 1odu ) [Genslld Fraied seall 95 % da-id 4ldd
GlaRl U 9. s duid AL AUt ¥ ABARM Bdet seUd 9 d Uikl
QUL Wl ULl et oML A2 AL S1UL 8 2, 2419101 BUR A5
ad el

% alasll ABeel Fayall a4 vel [@adaq eaid © d [@kre Aued
HodH GBosad ABAAY A 8. USRS R A well 2w adl
BAIZUL BelseL 9. L ABUIAUA 2122 A8 snell 68 % USRs
RS A 32 % wel € 8 ¥ Bosad [ig 393.5 K .

2.8 350 K i 9g Haldl A sl Beil 6UsiesiRl »i4sH 450 i 700 mm Hg €.
A $A WMLl 600 mm Hg €1, dl detdl Busivid s el aoil oisuseidig

dERe+ AL

2.6 UvALHS RIH] AR
HaR gn [RuRe
(Colligative
Properties and

Determination of
Molar Mass)

2.6.1 GUNEOURHL AL

a2l (Relative
Lowering of
Vapour Pressure)

2A1UBL (AL 2.4.341 210000 541 5 212 viosuafld aled oinalld alasu
GHRAUML SIS AR GlaBle GUMUEOIRL 82 6. GldBIAL BRI 614l AJRIHHL
GUBEOURLAL B2l AL ASOUAEAL €9 AL 69 (1) glalsel GUBULOURAHL AU
gaLdl (2) slasl sRMGgHL Hadnt (3) alasmil BeselBedl Gram 2
(4) slair 2 [MAW (URAABL) e6URL AL HHL Y g-amuﬁ glaRUl QAL
QUL e AvUL dl gled SRl AvAL UR BUMIR AN B AR ¥ gien
SRUL KAMIR UR. 2L ARIHHIA AvALHS ARAUHL 58 8. (Colligative:
ARAMIAl corll 2 s AB(together), ligaredil 12 olitd ¢d ugdl-l
[Qouolisl »uudl 215 ul s 2L opHi-l 221 53
2uBl [Aeudt 2.4.340 olval 5 glaRHl gldst (el g glastl
GIMIEOIRL Sl 2l U B, AGR WAl 54 5 owsugouRimi d2ldl
s5c gl 58Ul Algdl U 2R AV 9 AL dusil Alomdl(identity)
Aot Gld 9. [Aeudl 2.4.341 »utd A58 (2.20) glaBld cUuesR,
Hid 29 e glasdl olugsisl Al Asi WAUd 53 9. vied 5,
b1 = up} 222)
glasHl orueslal q2ldl (Ap,) > wHEL ealdl us,

Apy=p} —p;=p; — Py &

=p) (1-x) (2.23)
lox, = x, & 24 ol wdlsa (2.23) <12 wel g4 adl.
Apl = xzp? (224)

52ls olsuald glod HRAAAL GlARMHL GUMELRML Bl el YEL
Gledldl MG 9l AW GRAGR A1d 9,
AHls0L (2.24) 2L uHIEL @vil asiy.

Ap, _p-p
L=t oy, 225
pi py (225)

glelll



sl G1ofl oy Ue 21oUB gRUAL UHIEL CUMIECURIAL AHIUA
B2L8L 8 i d gleddll HIA ol cAGR A 9. Guad widlswl 2
widl qvil sy,

0
- n N n
Pi 0p1 =—2 |53, x5, =—2— (2.26)

el np el n) iosH GlARHL GYR @lds 2 gGldHL Hid 9.
He aldel M2 n, << n, Ul OgHl n 2d0Edl 2iueH Hodl.

0
Pt =P _1y
= 2.27
o 0, (2.27)
SBEN bl =y _ W XM, (2.28)

AL W, 2l W, S Glds 2 @Al 20 O i M e
M, 258 glds i gl HldR g0 O,

L Als0 (2.28)4idl ofley ol AR Wl g HdR en
(M) 2l s ©.

5180 2.6 S AR Ys AlTeted olisugenat 0.850 bar 8. s soisuglla, wlagalacurd a-d-L 0.5 g
Qo ueldn 39.0 g Gl (HidR 20 78 g mol ) GHRAUHL 1AL, glagl- eisueoitl 0.845 bar
R, Al Uelde HidR e B2 ¢al ?

B4 : wuue onelldl gel gel el 1A uHe 9,
p? =0.850 bar; p; =0.845 bar; M, =78.0 g mol_l;wz =05g,w,;=39¢
A5 (2.28)H1 Vil Y&l Hscll UL {2l

0.850 bar —0.845 bar _ 0.5 gx78 g mol”’
0.850 bar M, x39¢g

M, =170 g mol™!

2.6.2 Gesanlbigy Grutt  2Ausl HiRel XIHi 2is4 54 viei sl 5, waldled sisieoilal diudidsl
(Elevation of Boiling a4l 12 a4l 6. d 2 dluHinl G501 & U dei GUSUEGURL AldLRELAL
Point) gollRl Fed Al 8 AR, Gelswl dils, well 373.15 K (100°C) diuMi

B50L € 5122 5, il welle eisugoust 1.013 bar (1 dldiag)
€l 69, 2UURL et [Qonomi 24 waL llval & glas eisugsusl eisusla
gloaeil eropdlell ae &, sl 2.7 Yo glas i glasldl el
52512 il [A8y (function) a3 eald &, (sl 2.7) Gelea
a5 Ysined welld glavid ewsuesusl 373.15 K dwdiid 1.013 bar
sl 2 9. alad Bsag sl He Y slds (well)l Bosard diuMi
sl Atz i amidld 1.013 bar Fed esudl s34 ul.
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ABL g

Besarlblg, ;
1.013 bar ¢ Gosaniy

22dll atm vy

UM EOLRL —*

2i5ld 2.7 : q1a9u suEsBIHl A5 Y
glasl oigosl ds] 13
8. wsld euld & 3 AT,
FlaHl gldasl GesanloigHi

Gt £9(d €.

UM [ 2. 740 £AlAL UHIEL U sladseil Besenig sl dnial
oirilddl gl Besanlbig Gl 2dl. slsueounl Hada--l ¥4
Beserilblg, Gridt Wl sled s8UHL 2a0id uR S wL darl Ava
U 2UHIR AN 9. 1 mol ysie 1000 g weldlHl sias 373.52
K cluHisl 215 dldiarel esldl Gsi 6.

a5 T Ya dlastd GescarBiy © 219 T, alaele Gesextlbig,

9. Gesarilbigil Rl AT, = T, — T Gesanleigd Giun
¢ 8.

o

wloll g2l & He QAR M2 Besarlbiy Giuq (AT,)
GLARMIAL gleddl Hldd AlgdlAl AHMHML 9. pel

AT, <m (2.29)
2124l AT, =K, m (2.30)

lul m (Mlallddl) 1 kg glasHl U101 sledel Hierdl
oAl 9 2 AU 2HANS Bes@rlblg Grun vanls
2Udl WAL G wANs (saanis 2anis) s¢ 8. K Al
254 K kgmol! €. 52615 1M glasl Hierll K -l Hell sies
2,341 A 6. A HIUR 80 M, gletrl w) AHA w ALH GlasHl
oMl 2 dl gl Hia@d m A wHEl x4[Gesd
530 AsA.

_wy /M, _1000Xw,

m= =
w, /1000 M, xw, (231)
W4 e uHlsw (2.30)H1 Hsdl
K}, x1000x w
AT, =—b—7T"—2
b M, xw, (2.32)
_1000x w, XK,
=TT xw, (2.33)

el gl MR g0l M, Ais8l 524l Hie gledtl dlld gole
glsel slld golMi 2UNAML 20 24 AT, [l 30 asi
5 %l qas Hienl K Hed owlld ¢l 9.

5802.7 18 g 9481 (CH,0,) 1 kg wiellil 3is wotii »loudie 8. 1.013 bar goud well su
i Gsoldl ? wiell #ie K, 0.52 K kg mol™ .

sl HIA = mol” = 0.1 mo
6la 45105l W = 18 g/ 180 g mol™! = 0.1 mol

glasel Beiauu-l vl = 1 kg

1l ogsios slari-l Hiewlddl = 0.1 mol kg

wiell W2 GesarBigHl 32812

glelll



ST T ——

— - -1 A
AT, =K, xm=0.52 K kg mol” x 0.1 mol kg” =0.052 K

wizll 1.013 bar e6t2l 373.15 K ctusinl 8561 €9 Hie giasd Gesa(big 373.15+0.052=373.202K

49,

51080 2.8 ATyt BesenlBig 353.23 K 9. 212 1.80 g towsuslle sien 90 g Al »ilouadiul »uel,

IR BesarlBig Al 354.11 K 93, giedsi iR o1 o2l Al e K 2.53 K kg mol™ ©.
Gie : Goserbighi Gt (AT,)=354.11-35323 =0.88 K
2L e AHLSWL (2.33)41 sl 2Rl Hal,

_ 2.53K kg mol ™! x1.8 g x1000g kg™

M,

=58¢g mol ™!

0.88 K x90¢g
18l gl Wiz 10 M, = 58 g mol”

2.63 slblgq  vadud @a- st 12l s gsasdl avuHelHl gael slRlbig

(Depression

of

Freezing Point)

L]
T;

gatsl uRR 8 (2usla 2.8). »uudl aellat el 3 ueldnl sifbigH

g sl ualdl se AR alaella AgaqHl sl
0. 21l el sifbigHAl a2l wsiu
59 dmmi ueldd ddl uandd staum
GUBHESLIL Bl SELAL GLUMEGURLA GIRIR €lY
9 d dd sllelg ©. vusl 2.8l e wy
0 5 5 a8l AU SRR WHA PR dd
GUMUESLIL g Bl glasTil GUSUELRL tAGR
29l L2, ABeerL [y Wl w1 viensuella
Bl glasMl BHAML HUA 6 AUR o elsuesil
g2 8 i gd d sdlAl Al ad glasel
GRIGIR A 9. UM gldsd sRslg ae ©.

W5 TO Ya s eiRlig © e
T, o 2oumalld gl dul leunail
a9 AR Hag slRMblg 8. sRlbigul vl

AT, =TP =T, %L 6IR[GIgHL Starturt 5¢ O,

25ld 2.8 ¢ q1a9ni g1asL s1RLegT A1yt
AT, saladl sl

eUlasi

Ayl [ K —>
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Beserlbg, Gridnidl wasl He glam
(vuesdl glav) W2 eRbig Aadud (AT,
glalel M2l AHUHIRLHL S1Y 69, 1M,

ATf o< m

NN NN

AHUMIRIAL AHANLS Kf % Glasl WG UL IR AW O d
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