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Bachelor of Science

CHEMISTRY

(Three Year Course)

SCHEME OF EXAMINATION

B.Sc. (Part-I) Chemistry Examination

Number Code of | Nomenclature of Paper | Duration Max. | Min. Pass
of Paper Paper of Exam. | Marks Marks
Paper-1I CH-101 Inorganic Chemistry 3 Hrs. 50

Paper-I1 CH-102 Organic Chemistry 3 Hrs. 50 54
Paper-111 CH-103 Physical Chemistry 3 Hrs. 50

Paper-1V CH-104 Chemistry Practical 5 Hrs. 75 27

B.Sc. (Part-II) Chemistry Examination

Number Code of | Nomenclature of Paper | Duration Max. Min. Pass
of Paper Paper of Exam. | Marks Marks
Paper-1 CH-201 Inorganic Chemistry 3 Hrs. 50

Paper-II CH-202 Organic Chemistry 3 Hrs. 50 54
Paper-111 CH-203 Physical Chemistry 3 Hrs. 50

Paper-1V CH-204 Chemistry Practical 5 Hrs. 75 27

B.Sc. (Part-III) Chemistry Examination

Number Code of | Nomenclature of Paper | Duration Max. Min. Pass
of Paper Paper of Exam. | Marks Marks
Paper-1 CH-301 Inorganic Chemistry 3 Hrs. 50

Paper-II CH-302 Organic Chemistry 3 Hrs. 50 54
Paper-I11 CH-303 Physical Chemistry 3 Hrs. 50

Paper-1V CH-304 Chemistry Practical 5 Hrs. 75 27
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Syllabus: B.Sc. (Part-I) Chemistry
University of Kota, Kota (Rajasthan)
for the Academic Session 2022-2023

Bachelor of Science

CHEMISTRY

(Three Year Course)

Syllabus
B.Sc. (Part-I) Chemistry

Paper-1 (CH-101): Inorganic Chemistry

Duration: 3 Hrs. Max. Marks: 50
Note: The question paper will contain three sections as under —
Section-A:  One compulsory question with 10 parts, having 2 parts from each unit, short
answer in 20 words for each part.
Total Marks: 05
Section-B: 10 questions, 2 questions from each unit, 5 questions to be attempted, taking
one from each unit, answer approximately in 250 words.
Total Marks: 25
Section-C: 04 questions (question may have sub division) covering all units but not more
than one question from each unit, descriptive type, answer in about 500 words,
2 questions to be attempted.
Total Marks: 20

Unit-I Atomic Structure:
Idea of De Broglie matter waves, Heisenberg's uncertainty principle, atomic orbitals,
Schrodinger wave equation, significance of y and y?, quantum numbers, radial and
angular wave function and probability distribution curves, shapes of s, p, d, orbitals,
Aufbau and Pauli exclusion principles, Hund's multiplicity rule, electronic
configurations of the elements, effective nuclear charge.

Periodic Properties:

Atomic and ionic radii, ionization energy, electron affinity and electronegativity-
definition, methods of determination or evaluation, trends in periodic table and
applications in predicting and explaining the chemical behaviour.

Unit-II Chemical Bonding:

Covalent Bond: Valence bond theory and its limitations, directional characteristics of
covalent bond, various types of hybridizations and shapes of simple inorganic
molecules and ions. Valence shell electron pair repulsion (VSEPR) theory to NHjs,
H30", SF4, CIF3, ICl> and H2O; MO theory, homonuclear and heteronuclear (CO and
NO) diatomic molecules, multicenter bonding in electron deficient molecules, bond
strength and bond energy, percentage ionic character from dipole moment and
electronegativity difference.

Page 3 of 19



Syllabus: B.Sc. (Part-I) Chemistry
University of Kota, Kota (Rajasthan)
for the Academic Session 2022-2023

Unit-1II Ionic Solids:
Ionic structure, radius ratio effect and coordination number, limitations of radius ratio
rule, lattice defects, semi-conductors, lattice energy and Born-Haber cycle, solvation
energy and solubility of ionic solids, polarizing power and polarizability of ions,
Fajan's rule, Metallic bond: Free electron, valence bond and band theories. Weak
Interactions: Hydrogen bonding, van der Waals forces.

Unit-IV s-Block Elements:
Comparative study, diagonal relationship, salient features of hydrides, solvation and
complexation tendencies including their functions in biosystems, an introduction to
alkyls and aryls of s-block elements.

Chemistry of Noble Gases:
Chemical properties of Noble gases, chemistry of xenon, structure and bonding in
xenon compounds.

p-Block Elements:
Comparative study (including diagonal relationship) of groups 13-17 elements,
compounds like hydrides, oxides, oxyacids and halides of groups 13-16.

Unit-V Chemistry of Compounds:
Hydrides of Boron: diborane and higher boranes, borazines, borohydrides, fullerenes,
carbides, fluorocarbons, silicates (structural principle), tetrasulphur tetranitride, basic
properties of halogens, interhalogens and polyhalides.

Books suggested:

Concise Inorganic Chemistry: J. D. Lee

General Inorganic Chemistry: J. A. Duffy, Longman (2nd Ed.)

Principles of Inorganic Chemistry: B. R. Puri and L. R. Sharma

Basic Inorganic Chemistry: F. A. Cotton and G. Wilkinson, Wiley Eastern
Molecular Geometry: R. J. Gillespie, Van Nostrand Reinhold

SR B~

Paper-11 (CH-102): Organic Chemistry
Duration: 3 Hrs. Max. Marks: 50
Note: The question paper will contain three sections as under —
Section-A:  One compulsory question with 10 parts, having 2 parts from each unit, short
answer in 20 words for each part.
Total Marks: 05
Section-B: 10 questions, 2 questions from each unit, 5 questions to be attempted, taking
one from each unit, answer approximately in 250 words.
Total Marks: 25
Section-C: 04 questions (question may have sub division) covering all units but not more
than one question from each unit, descriptive type, answer in about 500 words,

2 questions to be attempted.
Total Marks: 20

Unit-I Structure and Bonding:
Hybridization, bond lengths and bond angles, bond energy, localized and delocalized
chemical bonds, van der Waals interactions, inclusion compounds, clathrates, charge
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transfer complexes, resonance, hyperconjugation, inductive and field effects,
hydrogen bonding.

Mechanism of Organic Reactions:

Curved arrow notation, drawing electron movements with arrows, half headed and
double headed arrow, homolytic and heterolytic bond breaking. Types of reagents-
electrophiles and nucleophiles. Types of organic reactions, Energy considerations.

Reactive Intermediates:

Carbocations, carbanions, free radicals, carbenes, arynes and nitrenes (with
examples). Assigning formal charges on intermediates and other ionic species.
Methods of determination of reaction mechanism (product analysis, intermediates,
isotope effects. Kinetic and stereochemical studies).

Unit-1I Stereochemistry of Organic Compounds:
Concept of isomerism, types of isomerism.
Optical Isomerism: Elements of symmetry, molecular chirality enantiomers,
stereogenic centre, optical activity, properties of enantiomers, chiral and achiral
molecules with two stereogenic centers, diastereomers, threo and erythro
diastereomers, meso compounds, resolution of enantiomers, inversion, retention and
racemization. Relative and absolute configuration: Sequence rules, D&L and R&S
systems of nomenclature.
Geometric Isomerism: Determination of configuration of geometric isomers, E&Z
systems of nomenclature, geometric isomerism in oximes and alicyclic compounds.
Conformational Isomerism: Conformational analysis of ethane and n-butane;
conformations of cyclohexane, axial and equatorial bonds, conformation of mono
substituted cyclohexane derivatives. Newman projection and sawhorse formulae.
Difference between configuration and conformation.

Unit-I1I Alkanes and Cycloalkanes:

Alkanes:

IUPAC nomenclature of branched and unbranched alkanes, alkyl group, classification
of carbon atoms in alkanes, isomerism in alkanes, sources, methods of preparation
(with special reference to Wurtz reaction, Kolbe reactions, Corey-House reaction and
decarboxylation of carboxylic acids), Physical properties and chemical reaction of
alkanes. Mechanism of free radical halogenation of alkanes: orientation, reactivity and
selectivity.

Cycloalkanes:

Nomenclature, methods of preparation, chemical reactions, Baeyer's strain theory and
its limitations, ring strains in small rings (cyclopropane and cyclobutane), theory of
strain less rings. The case of cyclopropane ring: banana bonds.

Unit-1V Alkenes, Cycloalkenes, Dienes and Alkynes:
Alkenes, Cycloalkenes and Dienes:
Nomenclature of alkenes, methods of preparation, mechanisms of dehydration of
alcohols and dehydrohalogenation of alkyl halides, regioselectivity in alcohol
dehydration, the Saytzeff rule, Hofmann elimination, physical properties and relative
stabilities of alkenes. Chemical reactions of alkenes-Mechanisms involved in
hydrogenation, electrophilic and free radical additions, Markownikof's rule,
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hydroboration-oxidation, = oxymercuration-reduction,  epoxidation,  ozonolysis,
hydration, hydroxylation and oxidation with KMnOs, polymerization of alkenes.
Substitution at the allylic and vinylic positions of alkenes. Industrial applications of
ethylene and propene.

Methods of formation, conformation and chemical reactions of cycloalkenes.
Nomenclature and classification of dienes: isolated, conjugated and cumulated dienes.
Structure of allenes and butadiene, methods of preparation, polymerization. Chemical
reactions-1,2- and 1,4-additions, Diels-Alder reaction.

Alkynes:

Nomenclature, structure and bonding in alkynes. Methods of preparation. Chemical
reactions of alkynes, acidity of alkynes. Mechanism of electrophilic and nucleophilic
addition reactions, hydroboration-oxidation, metal-ammonia reduction, oxidation and
polymerization.

Unit-V Arenes, Aromaticity, Alkyl and Aryl Halides:

Arenes and Aromaticity:

Nomenclature of benzene derivatives. The aryl groups. Aromatic nucleus and side
chain. Structure of benzene: Molecular formula and Kekule structure, stability and
carbon-carbon bond lengths of benzene, resonance structure and MO picture.
Aromaticity: Huckle's rule, aromatic ions. Aromatic electrophilic substitution:
General pattern of the mechanism, role of m- and o-complexes. Mechanism of
nitration, halogenation, sulphonation, mercuration and Friedel Crafts reaction, energy
profile diagrams. Activating & deactivating substituents, orientation and ortho/para
ratio. Side chain reactions of benzene derivatives. Birch reduction. methods of
formation of alkylbenzene, alkynyl benzene and biphenyl.

Alkyl and Aryl Halides:

Nomenclature and classes of alkyl halides, methods of preparation, chemical
reactions. Mechanism of nucleophilic substitution reactions of alky halides, Sx2 and
Sn1 reactions with energy profile diagrams. Polyhalogen compounds: chloroform and
carbon tetrachloride. Methods of preparation of aryl halides, nuclear and side chain
reactions. The addition, elimination and the elimination-addition mechanism of
nucleophilic aromatic substitution reactions. Relative reactivities of alkyl halides vs
allyl, vinyl and aryl halides. Synthesis and use of D.D.T. and B.H.C.

Books Suggested:

N AW~

A Text Book of Organic Chemistry: K. S. Tiwari, S. N. Mehrotra and N. K. Vishnoi

Modern Principles of Organic Chemistry: M. K. Jain and S. C. Sharma

A Text Book of Organic Chemistry: (Vol. I & II) O. P. Agarwal

A Text Book of Organic Chemistry: B. S. Bahl and Arun Bahl

A Text Book of Organic Chemistry: P. L. Soni

Organic Chemistry: (Vol. I, Il & I1l) S. M. Mukherji, S. P. Singh and R. P. Kapoor, Wiley Eastern Ltd.
Organic Chemistry: Morrison & Boyd, Prentice Hall
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Paper-I11 (CH-103): Physical Chemistry
Duration: 3 Hrs. Max. Marks: 50
Note: The question paper will contain three sections as under —
Section-A:  One compulsory question with 10 parts, having 2 parts from each unit, short
answer in 20 words for each part.
Total Marks: 05
Section-B: 10 questions, 2 questions from each unit, 5 questions to be attempted, taking
one from each unit, answer approximately in 250 words.
Total Marks: 25
Section-C: 04 questions (question may have sub division) covering all units but not more
than one question from each unit, descriptive type, answer in about 500 words,
2 questions to be attempted.
Total Marks: 20
Unit-1 Mathematical Concept and Computers:
Mathematical Concepts:
Logarithmic relations, curve sketching, linear graphs and calculations of slopes
differentiation of functions like kx, €*, x", sin X, log x; maxima and minima, partial
differentiation and reciprocity relations, integrations of some useful / relevant
functions: Permutations and combinations. Factorials. Probability.

Computers:

General introduction to computers, different components of a computer, hardware and
software input output devices; binary numbers and arithmetic; introduction to
computer languages. Programming, operating systems.

Unit II Gaseous States:
Postulates of kinetic theory of gases, deviation from ideal behaviour, van der Waals
equation of state.
Critical Phenomena: PV isotherms of real gases, continuity of states, the isotherms of
van der Waals equation, relationship between critical constants and van der Waals
constants, the law of corresponding states, reduced equation of state.
Molecular Velocities: Root mean square, average and most probable velocities.
Qualitative discussions of the Maxwell's distribution of molecular velocities, collision
number, mean free path and collision diameter. Liquification of gases (based on
Joule-Thomson effect).

Unit IIT Liquid State:
Intermolecular forces, structure of liquids (a qualitative description). Structural
differences between solids, liquids and gases.
Liquid Crystals: Difference between liquid crystal, solid and liquid. Classification,
structure of nematic and cholesteric phases. Thermography and seven segment cells.

Colloidal State:

Definition of colloids, classification of colloids. Solids in liquids (sols): kinetic,
optical and electrical properties; stability of colloids. Protective action, Hardy-Schulze
law, gold number. Liquids in liquids (emulsions): types of emulsions, preparation,
emulsifier. Liquids in solids (gels): classification, preparation and properties,
inhibition, general applications of colloids.
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Unit IV Solid State:

Classification of solids, definition of space lattice, lattice points, crystal lattice and
unit cell. Seven crystal systems. Symmetry elements in crystals. Types of solid
crystals: Ionic, covalent, molecular and metallic. Laws of crystallography (i) Law of
constancy of interfacial angles (ii) Law of rationality of indices (iii) Law of
symmetry. X-ray diffraction by crystals. Derivation of Bragg's equation
Determination of crystal structure of NaCl, KCI and CsCl (Laue's method and powder
method).

Unit V Chemical Kinetics and Catalysis:

Chemical kinetics and its scope, rate of a reaction, factors influencing the rate of a
reaction: concentration, temperature, pressure, solvent, light, catalyst. Concentration
dependence of rates, mathematical characteristics of simple chemical reactions-zero
order, first order, second order, pseudo-order, half-life and mean life. Determination
of the order of reaction: differential method, method of integration, method of half-
life period and isolation method. Radioactive decay as a first order phenomenon.
Experimental methods of chemical kinetics: conductometric, potentiometric, optical
methods, polarimetry and spectrophotometry.

Theories of Chemical Kinetics: Effect of temperature on rate of reaction, Arrhenius
concept of activation energy. Simple collision theory based on hard sphere model,
transition state theory (equilibrium hypothesis). Expression for the rate constant based
on equilibrium constant and thermodynamic aspects. Catalysis, characteristics of
catalyzed reactions, classification of catalysis, miscellaneous examples.

Books Suggested:

1.

Principles of Physical Chemistry: B. R. Puri and L. R. Sharma

2. A Text Book of Physical Chemistry: A. S. Negi and S. C. Anand

3. Physical Chemistry, Pt. [ & I1I: C. M. Gupta, J. K. Saxena and M. C. Purohit

4 Computers and Applications to Chemistry: Ramesh Kumari, Narosa Publishing House P. Ltd.
Paper-1V (CH-104): Chemistry Practical

Laboratory Course: 4 Hrs. /Week Duration of Practical Examination: 5 Hrs.

Max. Marks: 75 Marks Min. Pass Marks: 27 Marks

Distribution of Marks:

e Inorganic Chemistry Experiments - 20
e Organic Chemistry Experiments - 20
e Physical Chemistry Experiments - 20
e Practical Record (for regular students only) - 05
e Viva-voce (for regular students) - 10
e Viva-voce (for non-collegiate students) - 15

Inorganic Chemistry:

Semi-micro/macro Analysis:

Anion analysis (3 radicals).

Cation analysis: Separation and identification of ions from groups I, II, III, IV, V and
VI (3 radicals). (Total 6 radicals)
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Organic Chemistry:
Laboratory Techniques:
Section-A

Determination of melting point

o Naphthalene 80-82°C, Benzoic acid 121.5-122°C, Urea 132.5-133°C,
Succinic Acid 184.5-185°C, Cinnamic acid 132.5-133°C, Salicylic acid
157.5-158°C, Acetanilide 113.5-114°C, m-Dinitrobenzene 90°C, p-
Dichlorobenzene 52°C, Aspirin 135°C.

Determination of boiling points

o Ethanol 78°C, Cyclohexane 81.4°C, Toluene 110.6°C, Benzene 80°C
Determination of mixed melting point

o Urea-Cinnamic acid mixture of various compositions (1:4,1:1, 4:1)
Distillation

o Simple distillation of ethanol-water, using water condenser

o Distillation of nitrobenzene and aniline using air condenser
Crystallization

o Concept of induction of crystallization

o Phthalic acid from hot water (using fluted filter paper and stemless
funnel)

o Acetanilide from boiling water.

o Naphthalene from Ethanol.

o Benzoic acid from water.

Decolorization and crystallization using charcoal

o Decolorization of brown sugar (sucrose) with animal charcoal using
gravity filtration.

o Crystallization and decolorization of impure naphthalene (100g of
naphthalene mixed with 0.3g. of Congo Red using 1.0g decolorizing
carbon) from ethanol.

Sublimation (Simple and vacuum)
o Camphor, Naphthalene, Phthalic acid and Succinic acid.

Section-B

Qualitative Analysis:
Detection of extra elements (N, S and halogens) and functional groups
(phenolic, carboxylic, carbonyl, ester, carbohydrates, amine, amide, nitro
and anilide) in simple organic compounds.

Physical Chemistry:
Chemical Kinetics

To determine the specific reaction rate of the hydrolysis of methyl acetate / ethyl
acetate catalyzed by hydrogen ions at room temperature.

To study the effect of acid strength on the hydrolysis of an ester.

To compare the strengths of HCl and H>SOs4 by studying the kinetics of
hydrolysis of ethyl-acetate.

To study kinetically the reaction of decomposition of iodide by H>O»

Distribution Law

To study the distribution of iodine between water and CCly
To study the distribution of benzoic acid between benzene and water.
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Colloids
e To prepare arsenious sulphide sol and compare the precipitating power of mono-
, bi- and trivalent anions.
Viscosity, Surface Tension
e To determine the percentage composition of a given, mixture (non-interacting
systems) by viscosity method.
e To determine the viscosity of Amyl alcohol in water at different concentrations
and calculate the viscosity of these solutions.
e To determine the percentage composition of a given binary mixture by surface
tension method (acetone & ethyl-ketone).

Books suggested:
1. Practical Chemistry: Giri Bajpai and Pandey, S. Chand & Co. Ltd., New Delhi

EEEEEEEEEEEEEEEEEEE x EEEEEEEEEEEEEEEEEEN x EEEEEEEEEEEEEEEEEE x EEEEEEEEEEEEEEEEEE
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(Retention) Td IRFAHROT| amuferes vd FRUg o= orgea s, Amaxor &
D/L Td R/S 9oTTel |
SRS AATGIGA AT A FHEGIdl Al & fa=arg &1 ReiRor, qmexo &
E/Z gorrell, Sfifeasi gd gferargidard el § S aHmeadr |
WA FATGIAAT—YAT I n-Kcd & AU BT (I, Thi T & HwaT,
ey g fReMy 97, Uhol UfoReTdl =hid—gais ga—i Bl ARIYl, AT UISTa
Td Aie™ 937, fheR Ud SeA—d9 g3, w1 Ud =l § s |

SHIE—III Ueh=d Td Thig Todh=d:
T :
TR Td JRMRIT el BT ATHSRYL, Ufodhdl A8, Yol H Bl YA B
qUTAROT | Yol H AATGITd], A, q91 S ARl (geor fafdhan, died i,
PR—ETSA IAAfhar yd wraifaaferd vl & [ABEIRIAIDHRYN), Yol & Hifdd
U U ARG fBATg | Yol © gollo IR DI Jad Holdb AMfhAT B
fepanfafer sffa=are, fehareiierdr T axomTcHe |
THIT Tob—:
BT, I 1 [AfeRl, e ifafham, =R &1 [Aeftare Rgra d S9!
AR | BIST 9@l 9 9o e (@@ e wd g /), g f2d aeml
BT RIGTT | ThIIUIT BT fqavoT deell 9|

FhIE—IV TehI=d, ThIF Todhi~d, SIS~ g Yohlg~:

Yo+, T TohI~T 9 SIS+

UchIdl & ATHGRU, 944 &I AT, Uchlgld & fAoiclidRol 4 Ufodhe Bollssl &
fAgssI—acdloHIaRY & fharfaftdl, Tckleld @ fAoieldRor # &3y o974
(Regioselectivity) | Jor% B 9H, BAd faddd, Teodl & Hifdd ‘IURJP{[ Uq
muferes R | Yedbidl & ARG UM BISSIOMIGRY, SoldgeTel d
qadeld  ANTTHS  SMWAharsl, ARGMIGG & 99, SRslaReH—3iTaRiaHR,
JFATRFIRA—3TTIT DI [HATAEIT | SUTGRATDHRYT,  JATSIHI—3TECH,  STerdTol,
BIgSIIIRY, KMnO; §RT SATRATHRT| Uedhl-l DI dgellprYl, Tellfeld Ud
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argfere Referdl R Yol d wfoRemo= | Geiiel 9 e & fenfiie Suan |
DI Yol & g1 Bl (AR, FHUoT Ud ageiler |

S5 9 Yeihig<:

Qg4 STgAl BT AMBRY T PR e, G 9 Al es+ | el @
GeTels &1 WReErd, FHor & fafi, sgeliexoer | e affbard 12— g
1,401, Sred—Teex ITMAfhaT |

REEdERSE

Uehlg~1 H ATHGRYN, AxedT Ud 3fde | fAHior @) faferdt | vedmrsl o e
A | Ucwhigdl @I 3FdT|  SoldgiHal U4 ANEGal AR,
BTS I NIA—3ATARITDRUT, STg—3FAIAT ATEA, JTFATBRUT Td IgATDBROT A ThATAT
1 e fafet |

IPE—V W, WHICHAl, Tehlsd T WA dlssSw:

Qﬁ?ﬁ
Il GeqT DT FHAT | WReA | @WW@W ST | Il T
W A G TG Dol AREAN | vl BT IR UG Bla—dhrae  §e
TS, ISl R, Ao perel) R |
Q‘\‘ﬁﬁﬁ?
ghd &1 ¥, WHfed M= | WRiHfCH 3c4cr;|-w~15“| gfoRemg=r — foharfafer or
A U, T 9 o Fgel B qHeRI | ATSEIaR, Seﬂ\ﬂ-ﬂcbw TSP TTDHRT,
R TG FRe-PIC IFHAT T TR RR | o uReRe @
T | Afhaurerl vd faafhaorert ufcremd), srfd=md wd et /4R 1T |
Ji GO DI U Sl WAy | 9 IuEye,  Ulehaldwoi,
UohlgiTed—oid Ud aIshiel & fava= &7 AT v S9! YafHe ififhar |
tfeshd vd R BcTgee:
Ufodhel Bellgs] @I AM®RU Ud qifiervr, faves @1 faferdt, <rarafee sifafdamry |
Ufodhel BTSS! &l ATNGSTal Ufaxeds IfAfharl, Suil uResfeswr faor afkd w2
Td 1 fhATfAfRRT | ageaior Aife: FARIGM, BT CEadREs | IR gollss &
e o1 faftrdi, @ 7 ared sferen sififdand | e w8 WEes fteem
JrfAfhamett & IT—fAeua vd faeiioa—arT fhanfafet | tfodal 2amssi vd Tford,
farser 7 vRa Barssi @ @me fharefiar| DDT Ud BHC &7 39T Uq
ST |

geaa—111 ( CH-103): Hifd® |

T Iafd: 3 T B ad 3fh: 50
dlc 39 9% 99 ¥ 03 Wvs 4 UeR Bh:
Qe I 9 WUS H UP IR Uz RoTaH Ud $HhIs I 02 oY U ofd 8¢ Hl

s 9

10 Y U BRT | UAS oY YT BT SR o HT 20 Wl # 2T |

@l 3D : 05
59 QGUS H YRS $HIg ¥ 02 UTH ol Y {A 10 U 81l | ISP Sdls A
TP U BT I IR §Y Fel 05 ULl & SR o BN | IS U BT SR
ST 250 ST H BT |

@A 3P : 25
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uE 9 : SH @US H 04 UYA IUHATHE BN (U H AN A1 & Adbd =) S G
sHISAl # 9 Ry S, g vh 3aE 9 US 9 e yed wE gem | QT
gol & SR o O € [Ud U3 BT SR I 500 veai H B |

el b : 20

SIS ORI HheuIe vd HIvre:

THIUIBR AR, 95 Wbd BT, NRIb Td A (Slope) @I UM, ky, €, X7, sin
X, log x I WeMl &1 b, Sfeas g M-S, oNiRkie s@ded vd Eﬂ?&bTIFIT
T | {E FEdQUl /ITAR Bl & FHIGT: HIEGI Ud A9d | B |
T |

(Computer)

BT AT URE, WS D AT AR, BSRR Td HIFCARRK |
IRIUT—Frifa gfaadl, fg—H=d ud SO, STl & 9TviRll &1 ke |
YThH, geTel= o |

3Pis—I1 I avey:
& uprfa e & U Aifufed, offeyl geR ¥ fadged, amex d1ed
JTRRAT FHIDHRT |
Hifce Tl dRddd G & PV FHATAl dgh, STaRAT ATA, divex dled AHIHRU]
& FHAYT g, Hif~dd ReRIPI T dvsr dled ReRidl & dA Iw+, Gd
a3 BT fIH, FHMIT STaRRAT AHIHRT |
amuifdes Wit ot AT g1 o, 3fAd OFT 9 wiian o | svifae fot & forg
HRAadl faaRor g &1 [ocAss fdd=am, doce |, Jreg gaa—u Ud Hece
T | AT BT ATl (ST—ATHd= YHTd U 3{ETRA) |

FHIR—III T 3[aver:
RIS I, Gl P IR (o qof) | SN, wal 9 A B e
TRAATHS 37X |
g e a—crﬁﬂ%?«r mwmﬁamlgﬁammwwsﬁaﬁ
IRAAT Ud qAFThROT | ST Ud T—Tvs A |
PIAilgS! JARRT:
PIciigs] d TRHTET, Bleilssl BT aiiGR0T| 3 & Gal H dlargs! ded (drd):
TS, UBIRIDBII Ud dgfd U, dicdiisel bl R | el fhal, srsi—gool 1M,
wuifes | gal &1 gal § dldige! [dad_ (URN), Uk & YBR, 99 @ faferT,
USRS | 31 H &d Pldige! et (Sdl): aifierol, g9 @ fAferl va Jorer |
R, Blciisel & AT ST |

FhIS—IV ST IR
ol &1 aifieRvr, 3w e, See I, fhwea 39w 1d sos da @
oRITYT | Aw-fhved dF, fhveal # wafafa dwal fedmms & | 1)
IRTBAAd ®Ivi & Remar @& fw @) aR¥w ardiel &1 fw (@) samfa &
fr | freeal gRT <fdRol &1 garoiE | SR FHidReT &1 MR NaCl, KCl Tg
CsCl & fohvedl &) dxanett &1 FuRor (@ faf vd oot fafy) |

FHIs—V IS g1 s Td SR
XTI Fel Tdd! Ud g U Bl -, Affhar o &), AfAfhar o)
gIIfId A dTel RS — Figdl, I, 16, fIAad, Tarer, SRS | AfAfhar =i

Eal
B
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Qigdl R RA1, O g dife, yoF dife, fgadla ife, veq difc o1 i
& ORI STAeAvT, AG—aTY Td SAIT—aMY | fWfharsii &1 difeal & FHeiRer &
et — \Arhe A, same fafd, sg—amy wHy, ofcRra fafdr, faemm= fafer|
feaufded fawvesd te yom dife &1 gReeT | IMafHe® 9 a1 9aiTe
faferdt: AT, fawafad, uerrera AR, gaufida vd SagHgamTemm |
IS FerTfad! @& RIgra: IfAfhar @1 & W= a9 &7 UHTd, 3MefHerd FHIdRI,
AfFToT Sl & UROT | HIR el Alsd ARG Heced RIg, HhAvT Jraxel
g (IR ddeddn), Wiaul ReRiep  MEIRT A ReR(d Ud  SHSHNTAD]
JAYRIMIN & AGH | SORP, SART AAfHATSN & AfAAET0, SIARBI & GBI,

fafer=1 IgrEvor|
YIIF—IV (CH-104): TRIRTSG 0+

RIS qIedshd : 4 99/ Hwlg RIS g ;5 "ue
Hferpad i 1 75 3 RATH ST : 27 3Ah
3w faaTST:

NPT H AT UART — 20

HTETDH AT TIRT — 20

s A T — 20

grITe &R gRAeT (e Fafa el & foy) — 05

ARgd (Frafaa fenfial & for) — 10

ARgs (Feaurdt faenfd & forg) — 15
JPBIETD THI:

Fei—aier /e faweryor

FOT fIgetvor (3 HeoAd) |

g fawemer §9E LIL 1L IV, V Ud VI 998 & 3 &1 YIahrol Uq

JTATT (3 HeAP) | Bl 6 Hcld
PSR

gARTSTer fafdt:

HRT—3T

o I[cMId HIU:
O WUl 80—82°C, dwilsd 37l 121.5—122°C, JRAT 132.5—133°C,

e T 184.5—185°C, RI=IA® 37T 132.5—133°C, AfrRifersd

T 157.5—158°C, THICATSS 113.5—114°C, m—STsATScIe~oilg 90°C,

p—]TgdARIE~IM 52°C, URART 132°C |
qIih HIU:

O TN 78°C, AISTzad 81.4°C, Tlelg 110.6°C, Iwsil< 80°C |

981 T AT
o IRA-RFHAT 7T & IIAT—3NeT Faedh (1:4,1:1, 4:1) & 07|
o JIHdH:

O id WuNH & gRT VIHATa—Sidd 80T BT IRl 3Aa |

o aiY HEMH & GRT ASgId~i Td Uil fHs107 &1 3mHa |
o fohecelidor:

o foheciidRor &1 fAURoT Fheur
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o TH Td gRT Aferd el @Rd gU BT U3 g I Ifd B DI B
#H oThv)
o0 ¥ gV T ¥ YIS
O VYAl | TuIeld
o A W d=ilgd A |
o IRDIA B IYANT gRT fRe Td foheceliapor:
o T BIF A gRT S IR®IA Bl Aaa A R DT BT AR |
O VYAl GRT AYE UrelF (19 fRRT Sea & WART I 0.39H
BRINS Jad -Iele) &1 O’ Ud foheeeliaro |
o TwUH (e Td fAafa):
0 PR, "AurelH, AT 3 Ud RIS 31T |

-9

oS faeeryoT:

W draqS ARl # AR d@i (N, S T gallo) fhares gl (Wil
BIETRIfId, BENTA, TR, PBEEEge, TN, TAES, ARl 9 UFss) &l
EEEIRE

NAd T
RSP RCICRISC

e Pl AU WR A Ve /Ul Iee &l gIgsioiF 3MIH & SuRefa #
STal—3rueres & fafdrse fAfshar a1 &1 =197 |

o TN & GI—3YEcH TR 3%l ATH & YHTd BT eI |
o TS THICT & O AU=ed Bl &= R HCl T H2SO4 BT YFerdl I et |

o H,0, gRI IMTTSISS & fdTed &Y IJIfATHAT BT X BT ATFG TAITdd]
I |
faawor @t

e T Ud CCly & weT 1, & fIaROT T 73+ |
o T UG Il & Feg dwollsdh Il & [IaR0T BT eqad |
BIATZSY:
o IMRIfTNT AowTss Aidl &1 99T Ud Udbol—, fg—, FBRaa skoma=t &1
JJIEYOT &THAT b1 AT BRI |
YT, YeS—d-Ia.
o AT A fAfer gRT 3T 1w fsror @ifsareiiar &) &1 ufoera deed &
HIYA |
o A= AigaRll W UM TehiRid @I STl | AR & A199 Ud 39
faeral @1 Srfe—gar=drel @1 o |
o US—aArE Y gRT Ay Ty faeRf fsror & wfrerd deed &1 A (e
vq Ufdrer fRemsel die) |
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