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Chemistry Departement
Final examination in the chemistry of biomolecules 413 C
( Carbohydrates,proteins,lipids,nucleic acids )
Answer the following questions------ 50 marks
Ouestionl Answer five only of the following'---'17.5 marks
a-The Haworth formula of aldohexoses and ketohexoses

b- Complete and suggest a mechanism for the following reaction

D-Glucoser- 3PhNHNH2lheat-*---:------1 ?

c-By means of equations,how can you convert D-mannose to D-arabinose
d-Give the structure of compounds A,B and C in the following reactions
Lactose*Br2/t12O-- A+H3Oa -B+C

e- What are the aldaric acids?
f- The chemical structures of cellulose and maltose

Ouestion 2. Answer five only of the following----- 17.5 marks
a-Predict the product(s) resulting from the following reaction
D-glucose + MeOFI/FICl/heat----------------1?

b- Draw the structures of the following i-arabinoic acid , ii- D-erythrose
c-synthesis of dipeptide( alanylglycine)
d-Give the structure of the amino acid results from the following reaction

CH3CHO + NH3IHCN-------- ----?? + H3O1-------------- ?

e- The dipolar ion(zrvitter ion) of amino acids

f-Product of glycine with the following reagents i- HNO2, ii-EtOH/IIClheat
Question 3. Answer five only of the following 15 marks
a-What are the neutral lipids?
b- The resemblance and difference between lecithins and cephalins

c-The structure and occurrence of glycolipids
d-saturated fats resist rancidity more than unsaturated fats.Explain
e-Give the structure of the following i-cytosine , ii-Guanosine monophosphate

iii-Adenosine
f-Formation of Ketones bodies from acetyl COA

Good luck
Prof,Dr,Sh.M.Radwan S\ }{ R"*\t]ro'a'-'
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Time:2 hoursChemistry Department
second semester Examination for Biorogicar studenli0 

Marks)

Subject: Analytical Chemistry (C1460)

9ll$T*"' grlyJwq ortrre roiioffiE
AnSwer fhe follnrr.,inc arrao4i^---

a) Write on the following:

(50 Marks)
(12.5 Marks)

ii) after the addifion of 50 mIHCI and

(12.5 Marks)

i) Limitation of argentometric titration ^ ii) Types ofporarographic current.
_ - Q lf wu arc provided with o.tM crucooH <rioiiii"iir"rred with 6.rMNaOH. Calculate the pH value: (le=f .g6xfblii-^-''

i) atthe beginning of the titration,
ii) at the end point.

c) Give the reason for the following:
i) Mohr merhod is applicable in ieutral solution.

ii) Supporting electroryte is used in the porarographic anarysis.

Q2) Answer onlv TVo of the fo[owing: (I2.5 Marks)a) Define the following terms:

_ 
r)-llkovic equation. iy' Buffer solution.

b) calculate the diffirsion cu*ent for the reduction of 5x10-s Zn*2 which hasdiffusion coefficient 0-72xr0-s cm. sec. m = rSmg/sec. and t= 4secldrop.c) Write on the following:
i) The applications of potentiometric titration.i, Limitation of vorumetric precipitation titration reaction.

Q3) Answer Only Two of the following:
a) Complete:
i) The indicator in Mohr method is *--, while in volhard method the indicatorsare--------- and in Fajan method the indicators are

ii) The half wave potential is_-_-_*--_.
b) During the titration of r00 mr 0f HCr (rN) using LloH (lN) , carcurate the pHy' before the titration, ii) 

'after 
the"additi;; ff sO *t NaOH,

-i'! *the end point and ir afterthe addition or r ro mrNaoH.c) Define Beer Labert relationship. caiculate the absorbtiuity tul for a solutioncontains 4.5 ppm of a coroured species. It is found i"h;;;;;sorbance of 0.3 nm at530 nm in a 2cm cell.

Qa) Answer onrv rwgof the_forowing: (r2.5 Marra)a) Define the following terms:
y' Standard hydrogen erectrode. ii)Theoxidizing agent and the reducing agent.b) show how you can use porarographic technique i, qidit tire and quantitativeanalysis.
c) Write on the following:
I Determination ofthe iquivarent point in potentiometric titration. (Two onry).if Electrochemical cell.

__-____--Good Luck-:_
Examiner: prof.Dr, Aaa, M.M.Ati



-
Assiut University
Faculty of Science
Chemistry Department L\)

Date: June 2015
Time allowed: Two hours.

Final Examination of Chemical Instrumental Analysis Course (C-445)
Suhject: Final Exam of (C-4aS)
Students: Fourth level students, Faculty of Science

Seqtio+ (I)
Answer the follgwins questions:
1) Write on Oniy Two of the following: (12.5 Marks)

a) i- Ilkovic Equation.
ii- Calculate the diffusion current that would be expected from the reduction of

2.00 x l0-3 M Pb2* if the diffusion coefficient of Pbz* is 1.01 x 10-5 cm2/sec
and the mercury drop characteristics are m = 1 .90 mglsec and t: 3,47 secldrop.

iii- An unknown solution containing lead gives a diffusion current of 11.7 p A with
the same drop characteristics as in (ii), what is the [PbZ+1 in this solution.

b) Application of masking reagents in chemical analysis.
c) write briefly on the analytical separation by ion exchange.

2) Write on Only Two of the following: ( 12.5 Marks)
a) Stripping voltammetry.
b) i- Solvent extraction technique in chemical analysis.

ii- A substance X has a distribution coefficient of 3,7 between water and carbon
tetrachloride CCla, calculate the concentration of X remaining in the aqueous
phase after extraction of 100 ml of 1.00 x l0'3 M, X with the following quantities
of CCla : (a) 100 ml , (b) two 50 ml portions , (c) five 20.0 ml portions.

c) Differential pulse and square wave voltammetry.

Section (II)
Answer Four questions only: (25 Marks)
1) Describe the absorption phenomena taking place in the far-infrared, mid-infrared and

visible - ultraviolet regions of the spectrum.
2) Write briefly on:

a) Isosbestic point. b) continuous variation method.
3) A solution containing 4.48 ppm KMnO+ has a transmittance of 0.309 in a l-cm cell at

520 nm. Calculate the molar absorptivity of KMnO4. (At.Wt K= 39.1, ivln =54.94,
O= 16)

4) Give the theoretical bases of spectrophotometric quantification of binary mixtures.
5) At a wavelength of 356 nm, the molar absorptivity of a phenolic compound in 0.1 M

HCI is 400 and in 0.2 M NaOH is 17000. determined in pH 9.5 buffer, the molar
absorptivity is 9800. Calculate the pKa.

ExaminerE: Section (I) Prof. Dr. Mahmoud A. Ghandour.
Section (II) Prof. Dr. Hassan Sedaira.
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Assiut University
Faculty of Science
Department of chemistry

Final Exam : Inorg.Chem. 4

t\)
June 2015

Time: 3 hrs
(422C) for 4th level chemistry students.

Answer the following questions:
1- A) Complete the following sentences with the correct choice : ( 10 marks)

(i) The formation constants for metal complexes correlate well with ... ... basicity if
steric factors considered. (Arrhenius - Bronsted. Lewis )

(ii) Non- chelate complex formation results in . . .. of the independent molecules.
(increase - decrease- no net charge )

(iiD If ..... is strong o donor or - JI acceptor, it greatly accelerates substitution of a
ligand that is trans to itself .( entering group- leaving group- spectator ligand).

( iv) It is very difficult to distinguish between A and Ia because the composition of
the activated complex is .....(unknown- unstable- the same)

(v) The . ... mechanism plays a central role in octahedral substitution.
(associated- dissociated . interchange)

(vi) In the Eigen-Wilkins mechanism .complex is formed.
(activated- encounter- intermediate).

(vii) Low JI + electron density on the metal ion facilitates ... ....substitution reaction
in octahedral complexes. (associative .- dissociative)

(viii) In interchange mechanism of substitution in square planar complexes, the
intermediate persists..... time than in the associative meehanism.

(longer- shorter)
(ix) Substitution reaction of hexaaquo Ni(II) complex is considered as a model for

Id reaction with ......response to the nucleophilicity of the entering group.
(high- low -very low)

(x) The equilibrium constants favors the encounter if the reactants are ...... and
oppositely charged ( small- large).

(B) Answer ONE ONLY of the following: (2.5marks)
(i) Define a) The nucleophilic discrimination factor..

b) The nucleophilicity parameter.
(ii) Give the reason for :

a) The anomalous low value of K3/ Kz for the halogeno Hg (II) complex.
b) The chiral form of the complex [Coclz(bn)2]* hydrolyzes more slowly than

the achiral form. (bn :2,3-butanediamine)

2- A) Put ( { ) or (X) in front of each of the following : ( 10 marks)
(i) The order of Irving -Williams series is insensitive to the choice of the

metal ion.( )
(ii) For determination of stability constants (Bn) in solution, n* 2 independent

concentration measurements is needed.( ).
(iii) Among the d8 systems with similar entering and leaving groups most

complexes are comparatively inert.( ).
(iv) In square planar substitution reactiohs, good entering groups are,usually

labile leaving groups.( ).
(v) Steric crowding at the center of the reaction inhibits the dissociation reaction.( )
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(vi) The r acceptor ligands CzHa and CO greatly accelerates substitution of a

ligand that lies trans to itself.

(vii) The rate constant of dissociative intimate mechanism is sensitive to the

entering group.( )
(viii) The intimate mechanism for substitution in square planar complexes is

energetically associative.( )
(ix) Both associative and dissociative stoichiometric mechanisms are two steps

mechanism.( )
(x) Complexes of trivalent lblock metal ions are extremely labile.( )

B) Answer ONE ONLY of the following: (2.5 marks)
(i) Write three evidence that can justify stoichiometric associative mechanism

rather than the intimate one for substitution in [Pt I (dien)]* complex.
(dien:diethylentriamine).

(ii) Write briefly on the effect of spectator ligand in the substitution of Co (III) or

Cr(III) octahedral complexe s.

3- A) Write on QNE ONLY of the following: (Smarks)
(i) Use the trans effect to suggest synthetic routes for preparing cis- and trans

[P(NH3)41 and [PtCla]
(ir) Leaving gto,tp effect on the hydrolysis of the complex [CoXQ.trH3)5]2*

B) Identify organometallic compounds .Which of the following compounds considered

to be organometallic and which are not , give reason : (4.5 marks)
(C:HzO)aTi, CoHsTi(OCrHz)r, CHrSnClr and CH:COONa

4- A) Give two ways only of generating metal to carbon bond. (2 marks)
B) Prove the multiple nature of the M-CO bond in terms of bond length and vibrational

spectra. (3 marks)
C) Carbonyl hydrides are slightly soluble in,water where they behave as acids, ionizing

to give the carbonylate ions. Illustrate that by chemical equations. (2 marks)
D) i- From your study of carbon mono-oxide analogs comment on difference between

NO and CO as ligands. (3.5 marks)
ii- Give the Formals of compounds which are isoelectric with :

CrQ',lO)a, MnCO(NO)3, Ni(CO)4 and Fe(CO)z(NO)2.

E) From your study of alkene complexes give an example to indicate the following
facts. (Answer two points ollv ) (2 marks)
i) Alkene with unconjugated double bonds can form independent linkage to metal

atom.
ii) Ifwe have poly olefin involved, the rnetal atom usually react so as to complete its

normal coordination.
iii) Olefin complexes are usually synthesized by interaction of metal carbonyls,

halides or other complexes with the olefin.

(Good Luck)

Examiners: 1- Prof .Dr. Said Ahmed Ibrahim
2- Prof. Dr. Sahar Abd Elatif
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Second Semester Examination for Geology Group
Subject: Analytical Chemistry (C- a65)

Answer the following questions: Section(I)
Q1) Write on Only Two of the following: (12.5 Marks)

a) Describe the absorption phenomena taking place in the_far-infrared, near infrared and visible-
ultraviolet regions of spectrum.

b) i) Beers law.
ii) A solution containing 1 .00 mg of iron ( as the thiocyanate complex) in 100m1 was observed to

absorb 30.0% of the incident light compared to an appropriate blank
a)What is the absorbance of the solution at this wave length?
b) What fraction of light would be absorbed by a solution of iron four times as concentrated?

c) Give the theoretical bases of spectrophotometric quantification of binary mixtures.
Q2) Write on Only Two of the following: (12.5 Marks)
a) i) Describe the sequence of steps as a sample solution containing analyte A is aspirated into a flame.

ii) Explain how atomic emission result from the hollow cathode lamp.
b) Write briefly on the application of atomic absorption spectroscopy.
c) Atomic fluorescence spectroscopy.

Section(II)
Q3) Answer Only Two of the following:
a) Complete:

(12.5 Marks)

i)- In the titration of weak acid with strong base the indicator is -------, while in the titration of weak
base with strong acid the indicator is-------.and in the titration of strong acid with strong base the
indicators are --------

ii) The half wave potential is-----,------.
b) Drive the pH for the titration of l00ml 0.1N ammonium hydroxide with 0.1N HCI

at : (k6: 1'35x10-s )
i)At the beginning of the titration. - At the end point. - After the end point.

c) Give the reason for the following:
i) Mohr method is applicable in neutral solution.
ii) Supporting electrolyte is used in the polarographic analysis.

Qa) Answer onlv Two of the following: (12.5 Marks)
a) Complete:

i) - In Mohr method the indicator is -------- , while in Volhard method or ---------- are used as
indicator and in Fajan the indicators are

ii) - The oxidizing agent is ---- and the reducing agent is -------- .

b) Write on the following:
i) The Standard hydrogen electrode.

i i ) Applications o f potentiometric titrati on.
ii) Limitation of volumetric precipitation titration reaction.

c) Define Ilkovick equation , then calculate the concentration of lead ions in a solution containine lead
gives a diffusion current of ll.7 pA. The diffusion coefficient for lead 1.01x10-5 cm2lsec, anaifre
mercury drop characteristics are m = 1.9 mg/sec and
t:3.47 sec/drop.

------------Good Luck-
Examiners: Prof,Dr. M.A.Ghandour & Prof,,Dr.Azza M.M.Ali
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special ropics in Anaryticar chemistry Examination (+gc)

(Section I teS Marks)

l- |:j:tlo:,th" 1cuili'uliy; 
p*tt*.r involyed in the solvent extraction o,r*oui'rt.ffi::

(9 Marks)

2- Discuss the effect of the pH and of the reagent.or*ruii;;;;;;;,#;;;ri",
of rnetal chelates.

II) Answer Four only:
l- Define or characterize:

(16 Marks)

i)Solventextractionii)Successiveextraction,.:''.,:,
2- Derive a mathem atical equation that express the percent extracted. '

Define each term used,
3- Ninety percent of a metal chelate is extracted when equal volumes of aqueous andorganic phases are used. what will be the percent extracted if the volurne of the organicphase is doubled?
4- For the extraction of benzoic acid:

i) write the relation between D & Kp, Define each term used.
ii) Discuss the effect ofthe pH on this relation.

5- Ninety-six percent of a solute is removed from 100 ml of an aqueous solution byextraction with two 50-ml portions of an organic solvent. what is the distribution
coefficient of the solute?

Section OI) (25 Marks)

First Ouestion :

l- Describe a spectrophotometric method
determination of dopimine drug through the
Ni(ii) ions.

(9 Marks)
(involving the mechanism) for the
complexation of dopa-semiquinone with

2- Explain the energy scheme of various types of electoon excitations forultravi olet/visi br e spectra o f organic molecures,
3- Define each of the following terms: Accuracy - Limit of quantitation - selectivity -Ruggedness.
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Secpnd Ouestiou Answer Four only of the following: (16 Marks)

1- Illustrate the scheme proposed for secnidazole drug reacting with sodiqm:nitrite in the

presence of hydrochloric acid. Describe the reaction involving the mechanism

between diazatized drug and},S-Dihydroxy benzoic acid as a coupling agent to form

2- How can you validpte the spectrophotornetrig measurements of a ptrarmaseutical

substance
3- Describe a spectrophotometric method (involving the mechanism) for the determination

of norepinephrine drug by oxidation with sodium iodate.

4- Suggest a spectrophotometric method for the detection of Fluoroquinolone'antibacterial
(Norfloxacin)'drug:by forming binary complex between the drug and,Eosin Y dye.

5- Describe the,scheme proposed for indirect determination,of ascorbic acid by oxidation
with HgClz and reaction of oxidation product with 4,5-dimethyl-o-phen:rlendiamine.

tt Good Luck tt

Examiners : Prof. I)r. Hassan Sedaira
Dr. Ahmed Mohamed Kamal
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4-What are the different categories of Supramolecular interactions (8 Marks)

Answer the following questions:

Section A(Supramolecular Oreanic Chemistrv)

1-Classify Supramolecular Host- Guest Compounds

2-What are Recptors and discuss the Lock-Key Principle

3-Define Preorganization and Complementarity

Section B:

Answer the following questions:

l- (i) Give an account on the following terms:

Marks:50

Marks: 15

(2 Marks)

(3 Marks)

(3 Marks)

Marks: 17

(3 Marks)

(b) Adenosine 5'-monophosphate (AMP).

(d) Azidothymine (AZT).

(8 Marks)

(a) The differences between nucleotides and nucleosides with examples.

(b) Mutation and its types.

(c) The function of mRNA.

(d) The structure of nucleic acids (RNA and DNA).

(ii) The following section of DNA is used to build mRNA for a protein:

TAC-TCG.GAG

(a) What is the correspoltding mRNA sequence?

(b) What is the amino acid order in the peptide?

(c) What are the anticodons on the tRNAs?

2- (1) Draw the structures of the following species: (4 Marks)

(a) Adenosine.

(c) Deoxyguanosine.
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(e) Deoxycytidine'5'-monophosphate (dCMP). :

(ii) Give short noles on the steps of protein synthesis. (2 Marks)

Section C: Biochemistrv:

(17 Marks)Answer three (3) of the following:

(a) Write on two only of the cases in which sugar appears'in urine.

(b) Write on the reactions involved in uronic acid pathway and its biological
importance.

(c) Scheme out the reactions involved in B-oxidation of afatty acid
containing 6 carbon atoms .Calculate the energy stored in ATP molecules
during this process.

(d) Show by equations how acetylcoenzymeAis transformed into mevalonic
acid.

Good Luck

Prof. Dr. A. T. Hamam

Prof. Dr. A. M. Elkhawaga

Dr. A. A. Omer
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Fiurrl Exarn of Petroteurn & Petrothernlcals (451C) for the 3d Petloleum
Geologl' Lerel Stnclents

Answer the followinq questions:

1- l- Answer fwo onlv of the followinq: (10 Marks)
a) Describe in details the thermal conversion processes (Visbreaking &

Delayed coking)?
b) Oxygen compounds as petroleum compositions.
c) Outline the importance petrochemicals based on methane?.

ll- Draw and discuss of thermoform catalytic cracking process.

2- l- Explain brieflv fwo onlv of the followinq:
a) Doctor's sweetening process equations.
b) Advantages and disadvantages of catalytic cracking.
c) lsomerization mechanism (n-Alkanes into isoparaffins).

(10 Marks)

,i.

ll- Draw and discuss of vacuum distillation process for the residual products.

3- l- write a short notes of fwo onlv of the followinq: (10 Marks)
a) Asphaltic-Base crude oils.
b) Describe the basic processes encountered in the petroleum refining

operations?
c) Discuss the effect of sulphur compounds on petroleum products?

ll- Draw and discuss chemical and electric desalting processes.

4- l- Give an account fiaro onlv on the followinq:
a) Viscosity index and its examples.

(10 Marks)

b) Explain in detail the polymerization reactions of light olefin gases?
c) Diesel index and its importance.

l!- Outline the hydrocracking and hydrodealkylation reactions of heavy oils
over zeolite catalyst?

5- l- Discuss fwo onlv of the followinq points:

a) Smoke point and its uses.
(10 Marks)

b) Carbide theory is one of the origin of petroleum crudes in nature.
c) Octane number and all its additives.

ll- Detail the purpose and merits of hydrocraking process of heavier
feedstock.

Good Luck
Prof. Dr. Abdel-Aal Gaber

Dr. Hassan A. Kotb
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Answer the Following Questions:

Section (Il Surfuce Chemis(rv

1. Answer the following question:

1. Define the following terms: ( 6 Marks)

i) Chemisorption ii) Specifity of the adsorption iii) Heterogeneous catalysis
iv) Turnover number iv) Active sites v) Sintering process.

2. Write short notes on three only of the following: tlz Marks)
a) Factors affecting the qurface area of a solid powder.
b) Non- stoichiometry of solid compounds
c) Dislocations in solids.

d) Role of the catalyst during the chemical reactions.

3. Answer threp ouly of the following: (15 Marks)
(a) What are the desired properties of a support and why alumina is the most important one.
(b) Apply the Vu-1 plot fq1 determination of St and the porosity of the catalyst.
(c) Discuss the effect of lower and higher valences on the electrical conductivity of NiO.
(d) Explain the role of promoters on the physiochemical properties of a catalyst.

Sectio n (il Electro chemistru

Answer the following:
1) a) For silver-silver ion electrode reaction: Agi"# .- = Ag at

- BF^O Q* fiF^O
The rate: hhem,f Cag* e RT - kchern,b e RT

Define the parameters, kr6.6,1, kchem,b, Cee*, F, and Arp, and starting from this equation drive the Eutler-
Volmer equation. (Smarks)

b) Using Tafel equation calculate the exchange current (Io) for reduction of ferric ion (Fe3*) to ferous ion
(F.2*) on platinum electrode (1 cml) by applying 0.65 V and the resulted current is 0.0i22 A where Eo

= 0.75 V, F = 0.46, R;r,8.314 JK-1mo1-1, F = 96485 C and T= 293 K.

2) Answer onry one from the folrowing 
(Smarks)

I) a) Starting with the first law of thermodynamic (dU:dq+dw) indicate that the measurement of a cell
potential directly calculates the Gibbs free energy change for the process. (4marks)

b) What is the ionic strength of an electrolyte contains 0.25 M A1(NO3)3, (3marks)
a) a) Write on: Galvani potential difference and its composition - Cathodic protection. (4marks)

b) Write three limitatioris of the Debye - Huckel Limiting Law. (3marks)

Gootl Luck

Prof. Abd Dl-AztzA. Said
Prof. Abo-Elhagag A. Mohamed

(Chemistrv Maiorl

tr)
Time:3 hr$,.

Date : Jun. 2015
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Final Examination for B.Sc. (Chemistry major)
Applied Organic Ghemistry $12C1: (Textiles& Dyes & Polymers &Materialscience)

Date: Sunday, 07 10612015 Time:2 hours.
Angwer the-Lollowins Two Sections :

Answer the followino:

1) Physical properties of fibers determine its endues:

Locate and discuss the following :

a. Resiliency. b. Crimps c. Absorbancy d. Wool in burning test.

2) Tabulate the morphology and chemical structure of cotton and wool fibers.

3) Answer Ong of the following :

a) Chemical Reactions of Cotton related to industry.

b) Treatment of Cotton before dyeing.

Answer the follorqins questions:

1) a) "carbon Fibers........thewonderpolymer......... strongerthan thesteel".

Show by equations the steps of production of this polymer.

b) show the mechanism of opening the caprolactam ring to form Nylon 6.

2) a) Discuss with examples the types of lnitiators.

b) The presence of alkyl group in propylene monomer fail it to polymerized. Discuss.

3) a) A|(CH3)3 + TICL + CHz=CHz -+

Show the mechanism of its coordination polymerization.

b) Discuss how the polyurethane combine both the addition and condensation

polymerization.

4) al ls it possible to make polyethylene from cyclohexane? lf not, say why?

b) ln the Iiving polymerization, show by equations how can we put an ending

for the living chain. (Carbanion).

Good Luck

Examiners:

Prof. Dr. Saud A Metwally& Prof. Dr. Kamal lAIy
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Assiut University
Faculty of Science
Chemistry Department

Time allowed: three hours

Final Exam for Course No-423 (May 2015)

Answer the following question:
a) For the following space groups

P4/m, F222, Pmna, P4/n, R3m, P6mru, P2/m3', P32rP6mru
Define the crystal system, crystal class and Laue symmetry.

b) Describe in details the full symmetry elements in P2/m3- space group.

(1"0 Marks)

Answer Four only of the following questions: 
(10 Marks)

1- a) Describe in details the structure of rock salt, zinc blende and antifluorite structures in
terms of close packing and space lilling polyhedral approaches.

1- b) Starting from a rock salt structure, what strucfures are generated by the following
imaginary steps.

i) Removal of all atoms or ions of one type.
ii) Removal of alternate layers of cations.
iii) Replacement of all cations in 0 sites by an equal number of cations in T+ sites.

1- c) Calculate the d and 20 vahies for the 111 line in XRD Cu ko radiation(1,= 1.54Ao) of a
cubic substance with a = 5.0 Ao

1- d) What is the probable laffice type of crystalline substances that give the following
observed reflections
110,200, 103,202,211

111,200, 113,220,222
100,110, lll,200,zla
001, 110, 2a0r Lllr zal

(10 Marks)

2- a) X-ray of an unknown wave length are diffracted by a gold sample. The 2 0 angle was
64.58" for the VZ0{, plane. What is the wave length of the X-ray used.

(the lattice constant of gold = 4.0788Ao).

2- b) LiSrH3 crystallize as a white cubic solid after the reaction of Li and Sr under a flow of
hydrogen at 600Co.

What factors affect the scattering of x-ray by crystalline solids. Why might this compound
be difficult to characterize.
The powder x-ray diffraction pattern of this material show the following reflections

2Q : 23.25, 40.84 ,47.53 ,53.56 ,69.49 and 74.380.

Index the data , determine the lattice fype and calculate the cell parameter ( 1, = 1.54 Ao )
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, (10 Marks)

3- Debye- Sherer pattern of tungsten (BCC) is made with CuKo radiation (I= 1.54Ao).

The first four lines on this pattern were ohserved to have the following?I values

i) Index these lines

ii) Calculate the intensity of the Iirst line
(10 Marks)

4- For CsCl crystal
i) what are the fraction coordinates of these two atoms.

ii) Derive a simplilied structure factor equation for this. Can you observe the lines 100.

(10 Marks)

5- a) Derive simplified expression for F2 for ZnS btende (FCC), including the rules

governing the observed reflections. Calculate the relative intensity of the line 444.

5- b) what are the basic symmetry elements in the following crystal systems.

Trigonal, hexagonal, monoclinic, Orthorhombic'

Good Lack
Prof.Dr.R.M.Mahfouz
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20.3

29.2

36.7

43.6

line
1

2

3

4



Atr}PtrINDIX 11

VATUHS OF (sin Wlt'(A-')

1,'e Ka .

(r.sgzA)
('o.Ka

(l.7eoA)
Clu I(a

(1.5424)
i\,Io l(cr

(0.71I A)

0.00
0.01
0.02
0.02
0.03

0.04
0.05
0.05
0.06
a.o7

0.08
0.08
0.09
0.10
0.ll

0.1I
0.12
0.13
0.13
0.14

0. l5
0. r5
0.16
0..l7
0. l8

0.18
0. 19

0.20
0.20
0.21

0.00
0.01
0.02
0.03
0.04

0.04
0.05
0.06
a.a7
0.08

0.09
0.10
0.1I
0.12
0.12

0.13
0. l4
0. l5
0. l6
0. l7

0. lB
0.18
0. l?
0.20
0.21

0.22
0.23
0.23
a.24
0.?5

0.00
0.01
0.02
0.03
0.04

0.05
0.06
0.07
0.08
0.0P

0. l0
0.1I
0.12
0. l3
0.14

0.14
0. l5
o.l6
0.17
0. lB

0. l9
0,20
0.21
0.22
0.23

0.u
0.24
0.25
0.26
0.27

0.00
0.01
0.02
0.03
0.05

0.06
0.07
0.08
0.09
0. r0

0.1I
0.12
0.13
0. l5
0.16

0.17
0. lB
0. l9
0.20
0.21

a.22
0,23 {//
0.24.Y
0.25 ''

0.26

0.27
0.28
0.n
0.30
0.31

0.00
0.02
0,05
0.07
0.'10

0. 12

0. I5
0.17
0.20
0.22

0.24
0.27
0.n
0.32
0.34

0.36
0.39
0.41
0.43
0.46

0.4{l
0.51
0.53
0.55
0.57

0.60
0.62
0.64
0.66
0.68

5

6
7
I
9

20

T,li
22'i/
23
24

25
26
27
28

29
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rc RodiotionFr,
t MoK,

(o.zt t A1

Cu ffa
(t.5424)

Co Ra
(l.7eoA)

Fe l(cr
(t.ffi74)

Cr Kq
(z.zrt n1r

35

b*
37
38

39

40
4r
42
43
u
45
46
47
4
49

50
52
s4
56
58

&
62
64
66
68

7A

72
74
76
78

80
82
84
86
88
90

30
3l
32
33
u

0.22
0.22
O,B
a.u
0.24

0.25
a,26
0.26
0.27
0.27

a,fr
a.n
0.n
0.30
0,30

0.31
0.31
a32
0.32
0.33

0.33
0.34
0,35
0.36
0.37

0.38
0.39
0.39
0.40
0.40

0.41
0.41
0.42
0.42
0.43

0.43
0.43
0.43
0.43
0.4:l
0.43

0.45
0.46
0.46
a.17
0.48

0.48
0.49
0.50
o.5o
0.50

0.51
0.51
0.51
0.51
0.52
a.s2

0.26
a.27
0.7
0.n
0.n

0.29
0.30
0.31
0.32
0.32

0.33
0.34
0.35
0.35
0.36

0.36
0.37
0.38
0.38
0.39

0.39
0.41
a.42
0.43
0.44

;;lo.n I

0.30 I

0.30 I

o.3r 
I0.32 I0.33 I0.34 
I0.34 
I0.35 
I0.36 I

o.s7 I

0.37 I

i o.s8 II o.sg t

l o* llo.mlIo.aII o.n II o.+z I

l o* lI o.++ II o.+s Ilo.lelI o.+t I

io*lI o.+s II t::l II o.sz I

lo*lI o.ss II o.r+ 
II 0.54 II o.ss I

l' ,.uu tI o.ss I

I si:l
I 0.s6 I

I ose 
I

0.32
0.33
0.34
0,35
0.36

0i37

ffi*z
o.:[o
0.41

0,42
0.4ir
0.4i1
a.44
0.45

0.46 .
0,47
a,47
0.48
0.49

0,50
0.51
0.52

- 0.54
0.55

0.56
4,57
0.58
0.59
0.60

0.61
0.62
a.62
0.63
0.63

0.64
0.61
0.64
0.65
0.65
0*65

a.70
a.72
a.75
a.n
0.79

0.81
0.83
0.8s
0.87
0.89

0.91
0.93
0.94
0.96
0.98

0.99
r.0l

' 1.03
r.05
1.06

1,.08

I.ll
I.14
I.t7
1.20

1.22
r.24
t.26
r.28
1.30

1.32
1.34
r.35
1.37
l .38

r.39
l.39
1.40
r.40
r.4l
l.4l



0.0 0.1 0.2 0.3 o,7 0.8 0.9

H
He
Li+
Li
Be +2

Be

B'r-3

B

c
N+5

N+3
N
o
o-2
F

F-
Ne
No+
No
Mg *2

Ms
.A,l+3
AI
si+4
si

P+5
P

P-3
Sno
5

5-2
ct
ct-
A
K+

K
Cn +2

Cq
Sc +3

5c

Ti +4

TI
V
Cr
Mn

r 0.81
2 1.88
2 r.96
3 2.2
2 2.A

.48 0.u

.46 1.05

.8 r.5

.8 1.5

.? 1.7

4 2.9 1.9 t.7
2 1.9? I .' r.8
s 3.5 2.4 1.9
6 4.6 3.0 2.2
2 2.A 2.O r.9

4 3.7 3.0 2.4
7 5.8 4.2 3.0
8 7.r 5.3 3.9
r0 8.0 s.5 3.8
9 7 .8 6.2 4.ls

lo 8.7 6.7 4-8
I0 9.3 7.5 5.8r0 9.5 8.2 6.7
r r I .65 8.2 6.7
r0 I .75 8.6 7 .25

t2 10.5 8.6 7.25
I0 9.7 8.9 7.8
13 il .0 8.95 7 .75
l0 9,75 9.15 9.25
14 11.35 9.4 8-2

l0 9.8 9.A5 8.45
15 t2,4 t0.0 8.45
r8 12.7 9.8 8.4
r0 9.85 9:4 8.7
16 t3.6 r0.7 8.95

l8 14.3 to.7 8.9
t7 14.6 I t.3 9.25
l8 t5.2 I r.5 9.3
t8 t5.9 12.6 10.4
l8 t6.5 13.3 10.8

19 t6.5 13.3 10.8
18 16.8 t4.0 I r.5
2A V.5 t4,t il.4
18 16.7 t4.0 I r.4
2t 18.4 14.9 tz.t

17.0 t4.4 I1.9
lt.3 l5 .7 12.8
20.2 t6.5 13.5
2r .r t7 .4 t4.2
22.1 18.2 14.9

I8
22
23
24
25

. 13 a.o7 0.04

.7s a.52 0.35

.3 1.0 0.8

.3 1.0 0.8

.6 t.4 't.2

1.6 1.4 1.2
I .7 1.6 1.4
r.7 1.5' 1.4
I .9 1.7 t.6
I .9 t.8 t.7

2.O r.8
2.3 r.9
2.9 2.2
2.7 2.1
3.35 2.5s

3.5 2.8 2.2
4.4.., 3.4 ?.65s.25v.05 3.C
5.25 4.05 3.2
5.95 4.9 3.95

5.95 4.8 3.85
5.65 5.5 4.45
6.6 5.5 4.5
7.15 6.05 5.05
7 .t5 6.1 5. t

7.5 5.55 s.65
7 -45 6.5 5.65
7.45 6.5 5.65
7.8s 6.85 6.05
7.85 6.85 6.0

7.85 6.85 6.0
8.05 7 .25 6.5
8.05 7 .?:5 6.s
8.7 7.8 7.A

. 8.85 7 .75 7 .O5

9.2 7.9 6.7
9.3 8.1 7.3s
9.7 8.4 7.3
9.4 8.3 7.6
ro.3 8.9 7.7

9.9 8.5 7.8s
10.9 9.5 8.2
il.5 r0.l 8.7
12.l 10.6 9,2
12.7 l1.t 9.7

0.03 0.02 0.0t
o.24 0. t8 o. 14
0.6 0.5 0.1
0.6 0.5 0.4
r.0 0.9 0.7

r.0 0.9 0.7
t.3 t.2 t.0
1.2 I.2 ,1.0
1.1 t.3 l.16
r.6 .1.5 1.4

r.56 1.49 I .39
1.54 1.49 I .39
t.6 r.5 t.1r.s t.5 1.4.r.9 1.7 r.6

I .9 1.7 I .55
2.2 t.9 1.65
2.65 2.U - t.95
2.6s z.Xt ' t.gs
3. 15 2.55 2.2

3. r5 2.55 2.2
3.65 3.1 2.6s
3.7 3. I 2.65
1.2 3.4 2.9s
4.2 3.4 2.95

4.8: 4.O5 3.4
4.8 4.Os 3.4
4.e5 4.As 3.4
5.25 4.5 3.?
s.25 4.5 3.9

s.25 4.s 3.e
5.75 5.05 4.4
5.7s 5.05 4.4
6.2 s.4 4.7
6.44 5.9 5.3

5.9 s.2 4.6
6.7 6.2 5.7
6.3 5.6 4.9
6.9 5.4 5.8
6.7 s.9 5.3

7.3 6.7 6.15
7.2 6.3 s.5
7.6 6.7 5.9
8.0 ,,?,.,1' ., 6.3
8.4 7.s 6.6

0.3 0.3
0.3 0.3
O;6 0.5

0.6 0.5
0.9 0.7
0.9 0.7
r.0 0.9
r.3 r.t6

t.5 t.35
r.55 1.5
r.75 1.6
t.7s 1.6
2.O t.8

2.A 1.8
2.3 2.A
2.3 2.0
2,6 2.3
2.6 2,3

3.0 2.6
3.0 2.5
3.0 2.6
3.3s 2.9
3.35 2.9

3.35 2.9
3.85 3.35
3.85 3.35
4.1 3.6
4.8 4.2

4.2 3.7 3.3
5, r 4.6
4.5 4.0 3.6
5.35 4.85
4.7 4.3 3.9

5.65 5.05
5.0 4.6 4.2
5.3 4.9 4.4
5.7 5. t 4.6
6.0 s.4 4.9
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l:.0 - l.l 1.2
o.4 0.5 0.60.0 0.1 O,, O-1

5.3 5.7 5,2
6.7 6.0 5.5
7.0 6.3 5.8
i.g: , ,6tj6 6'.0'
7.6 6.9 6.3

7.9 7.3 0,1
8.3 7.6 7.4
9.7 7.9 7.3
e.0 8.2 7.5
9.4 8.6 7'8

9.8 8-9 8'l
9.9 8.9
10.2 9.2 8.4
10.5 9.5 8.7
10"? 9.9 9.0

r r .2 io.z 9-3
l I .6 10.6 9.7
r2.0 10.9 I0.0
r2.3 11.3 10.3
12.7 I1,6 10.6

13.I ,12.0 I t.0
13.6 12.3 lI'3
14.O 12.7 1r .7
14.:3 13.0 12.0
14.7 l3:4 129

I5.l 13.7 12-7

15.5 14.1 13.0
16.0 14.5 13.3
16.4 14.8 13.6
r6.7 15.2' I3.9

17.0 15.6 14.5

t9 .2 17 .5 16.l
tg.6 t7 .9 16.4

20.0 18.3 16.8

20.4 18.7 17.l
20.9 19.I 17 -5

21.2 19.5 17.9

2r .6 t9 .9 t8 -3

22.0 2A3 18.6

22.4 N.7 l8 .9
22.9 21.0 19.3

17.4 16.0 r4-7
17.9 16.4 15.0

18.4 16.6 15.3

l8 .8 l7 .r rs.7

8.9 7 I 7.0
e.3 8.3 7 -3
9.8 8.7 7,7
10.2 9rI 8':l'
lo.7 9.6 8 -5

II.2 10.0 8-9
I I .6 10.4 9.3
l2.l 10.8 9 -7
12.6 ll.2 10.0
l3.l ll.7 10.4

13.6 l2.l 10.8
14.6 12.8 ll,2
14.l 12.5 ll.2
14.6 r2.9 ll.6
15.l 13.4 12.0

r5.6 13.8 12.4
16.0 14.3 12.8
16.5 14.8 13.2
t7.o 15.2 13.6
17.5 15.6 14-l

18.0 l6.l 14.5
18.5 16.6 14.9
19.0 17.I 15.3
19 .6 17 .6 15.7
20.l 18.0 16.2

2A.6 18.5 16.6
2l .l 19.0 17.0
2r.7 19.5 17.5

22.2 20.0 r7.9
22.7 2A.4 18.4

2s.2 20.8 " l8-8
29.7 21.3 19.2
24.3 2r.9 19 .7

24.8 n.4 n.2
at.4 22.? 20.6

a5.? 23.4 2l .l
26.4 23.9 2t -s
26.9 24.4 22-0
27,5 24.9 22.4
n .t 25.4 22.9

2A .6 25 -9 2g.4
n .2 26-3 23.9
,D .7 26.8 24 .3
30.2 n.3 24-7
30.8 27 .9 25 2

13.3 ll.6 Ig.?t4.o l2.I lo,7
tl.5 12.7 tt -2

,,,:;l$,2: 13,;3 ,1,1.7 "
r3.a 13.9 12.2

16.5 14.5 12.7:

l7,l 15.0 13.2
17.7 15.6 13.8
18.3 l6.l 14.3
18.9 16.7 14.8

19.5 17,3 l5-3
21.4 18.9 16.7
20.2 17.9 15.9

20.8 18.4 16.4
21.5 19.0 17.0

22.r tg -7 17,5

22.8 20.2 l8.l
23.s 20.8 18.6
24.r 21.3 19.1
21.7 - 2r .9 19.6

a5.4 22.5 2A.2
26.2 23.1 20'8
25.9 23.8 21.3
z?.5 24.1 21.8
B.l 25,0 22-4

29.7 zti-6 22-9
n .5 26.3 23 -5

30.3 26.9 24.4
3r.o 17.5 24.6
31.6 28.0 a5-2

32.4 8.7 25-8
33.1 D .3 26-4
33.8 n.8 26.9
34.5 30.4 tl.4
3s.2 3l .l 28.0

3s.9 3l .8 8.6
s6.6 32.4 n.2
37.3 32.9 n.8
38.1 33.5 30.4
38.8 34.1 3l .0

39.6 34.7 3l '6
10.4 35.4 32-2
4l.l 36.t 32.7
4r.7 36.7 33'3
42.4 37.4 33'9

ssg
3
39

40
4l
42
43
41

45
46
47
I
42

50
5l
52
53
54

60
6l
62
63
64

65
66
67
68
69

j, z,,-3 19.3
,, 2a-r z).0
;J E.O 20.8
IJ 6.8 2l.s
tl J 26.6 22.3

&1.5 T.4 23'0
f,I.6 n.7 24.6
3:1.5 n.2 23.8
a.4 n.0 24-5
35.4 n.9 2s.x

36.3 30.8 26.0
s7.3 31-7 26.8
38.2 3?.6 27,6
39.1 33.4 8.3
40.0 34.3 n -l

4l .0 35.1 n -9
41.9 36.0 30.7
42.8 36.9 3l.s
49.7 37.7 32-2
44.7 35,.6 33.0

45.7 39'.5 33.8
46.7 40.4 u.6
47.7 4T3r',35.4
1S.6 12.r 35.1
49.6 43.0 36.8

50.7 43.8 37.6
sr .7 4.7 38.4
52.6 45.6 39.3
53.6 16.5 40.1
54.5 17 .4 40.9

55.4 48.3 41.6
56;1 49.1 42'1
57,.3 50.0 43.2
58.3 50.9 M.O
59.3 51.7 44.8

@.2 52-6 45.7
6l.l 53.6 46.5
62.r 54.5 47.3
63.0 55.3 4tl.l
64.0 56.2 48.9
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k
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f
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522 Appendix 12: Atomic scattering factors

From Peiser, Rooksby, and Wilson [G.13]. More extensive tables, at smaller intervals
of (sin 0)17, are given on pp. 72-98 of Vol, a of [G.1IJ.

ir,
I

icr
I

I

lr-
t
I

I
I
I

I

I

!

I

)

i-
i

l'al

l

tb)
f

Pr,
h"r
I

trir
I

Fp
p=

bx

$rA-'r 0.2 0.30.10.0 0.5 0.60-4 0.7 0.8 0,? 1.0 l.r 1.2

Yb
Lu
Hf
To
w

Re

Os
Ir
, t'".1

Au

Hs
TI
Pb
Bi
Po

At
Rn

Fr
Rc
A.c

Th
Po
U
Np
Pu

Am
Cm
BK

cf

&.9 57.O 49.7
65.9 s7 .8 50.4
56.8 58.6 5t .2
67.8 S,,{ sz.o
68.8 60.4 s2.8

7A
7l
72
73
74

75 69.8 6l .3 53.6
76 70.8 62.2 il.4
77 7t.7 63.t 55.3
78 72.6' 'r:r" 36.2
79 73.6 oJ.u 57.A

80 74.6 65.9 57,9
8l 75,5 66.7 58.7
82 76.5 0.5 59.5
83 77.5 68.4 fi.4
81 78.1 69.4 6t .3

85 79.4 70.3 62.r
86 80.3 71.3 63.0
87 8r.3 72.2 63.8
88 82.2 73.2 U.6
89 83.2 74.t 65.5

90 84.1 75.r 66.3
91 85. r 76.0 67.1
92 86.0 76.9 67.9
93 87 78 69
94 88 79 69

95 89 79 7A
96 90 80 7t
?7 91 8r 72
98 92', 82 73
99 93 83 74
r00 94 ., 84 75

38 .0 U.4
38.7 3s.0
39.3 35.6
39.9 36.2
40.5 36.8

16.8 4r. r 37.1
47 .5 4l ,7 38.0
8.2 42.1 38.6
48.9 43.1 39.2
49.7 43.8 39.8

50.5 U.4 40.5
51.2 45.0 4l.l
5r.9 45.7 41.6
52.7 46.4 42.2
s3.5 17.r 42.8

43.4
a.a
u.s
45.r
45-8

43.2
43.e
44.5
45.3
46. r

46.5
47.t
47.7
*
49

62 55 50
62 55 50
63,56 5lu57s2
65 57 52
66 58 53

54.2 47.7
55. r #.1
55.8 19.1
56.5 49.8
57.3 50,4

58.1 5l .l
58.8 5t .7
59.6 52.1
60 53
61 54

31.3 n,4 2!5.7
3r .8 8.9 26.2
32.3 n.3 26.7
32.9 D.8 T.t
33.5 30.4 27.6

34.0 30.9 n.t
34.6 3r.4 n.6
35.r 32.0 n.O
35.6 32.5 n.s
36.2 33. r 30.0

36.8 33.6 30.6
37.1 34. t 3r . t
37.9 31.6 3t .5
38.5 3s. r 32.0
39. r 35.6 32.6

39.6 36.2 33. r
40.2 36.8 33.5
4A.7 37 .3 U.0
4r.3 37.8 U.6
4r.8 38.3 35.1

45 12 38
46 42 .39
46 43 39
47 4A 10
4844&
4S4/ 41

42.4 38.8 35.5
43.0 39.3 36.0
4it.5 39.8 36.5
44 4A 37
44 41 38

19.7
20.0
n.4
20.9
21.3

23.3 21.4
23.8 2r .8
24.2 22.3
21.7 22.6
4.2 23.0

u.6 n.4 2t .6
26.0 23.? 22,0
26:5 24.3 22-3
27.0 24.7 22.7
27 .4 25. r 23.t

27.8 25.6 23.6
8.3 26.A 24.1
28.8 26.4 24.s
n .2 26.8 U.s
D .7 27 .2 ?5.2

30.r 17.6 2s.6
30.5 28.0 26.0
3t.0 nA 26.1
3r.5 28.8 26.7
32.0 n.2 3 .t

32.4 n.6 27.5
32.8 30. r t7.9
33.3 30.6 8.3
343rn

35 32 30
35 32 30
36 33 30
36 33 3l
373/.31
37343t



ENDIX 13

MULTIPLICITY FACTORS FOR THE POWDER,METHOD

hkt hht 0kl okk
ill
hhh 00/Cubic:

t:

,.Hexagonal and
Rhombohedral:

Tetragonal:

Orthorhombic:

4g*

hk. I
24*

hkt
l6t

hkt

24

hh. t
12*

hht

24*

ok. I
12*

0kt

12

hk-o
12*

hkU

$

hh. 0
6

hho

6

0k.0 00 ./

'r 00/!-
,f' 2

00/

I

8

hol

8

8kt

8*

hka

4

h00

6

oft0

4

0k0

8

hkt h0t

4

0k0

24

'Monoclinic:

Note that, in cubic crystals, for example, hhl stands for such indices as Il2 (or 2ll),0k/, far
'such indices as 012 (or 210), Akk for such indices as 011 (or lI0), etc.

* These are the usual rnultiplicity factors. fn some crystals, planes having these indices comprise
two forms with the same spacing but different structure facior, and the muitiplicity factoi for
each form is half the value given above. In the cubic system, for example, there etr€ some crystals

,in which permutations of the indices (hkl) produce planes which are not structurally equivalent;
:in such crystals (AuBe, discussed in Sec. 2-7,is an example), the plane (123), for example, belongs
to one forn and has a certain structure factor, while the plane (321) belongs to another form and
has a different structure factor. There are ff : ?A planes in ihe hrst form and,24 planes in the
second. This question is discussed more fuliy by Henry;'Lipson, and Wooster [G.8J.
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APPENDIX 14

LORENTz,POLARIZATION FACTOR cosz 20\

-I

ecos0)
lt+t-

\ sin2 0cos0

5
6
7
I
I

l0
il
t2
t3
I4

t5
t6
t7
I8
l9

n
2t'
22
23
u
25
26
27
fr
D

30
3I
32
33
34

35
36
37
38
39

10
1t
12
43
14

t639
77.2
46.0

2&.3
180. r
I3I.7
100.3
78.79

63.4r
s2.u
43.3F
36.67
3t.34

D.A5
23.s4
n.64
t8.22
16.17

t4.&
t2.?5
il.66
I0.55
9.579

8.730
7.9U
7.327
6.74s
6.230

5.771
s.367
s.006
4.68s
1.399

4. r45
3.919
3-720
3.W
e.g8s

3.2s5
3.138
'3.Oit8

2.9y
2.8U

t486 1354 1239
680.9 638.8 d00.5
388.2 3&.9 352.7

2s0. | 210.5 231.1
171.2 t68.5 163. tru.o t21,4 120.9
97.80 95.37 93.03
77.O2 75.31 73.&

62.t2 (.€_.87 59.6s
5r.06 50.12 49.t9
12,U 4r.9t 41.20
36.G 35.50 U.94
30.87 30.41 D.96

26.66 26.D U.92
23.X n,.92 22.61
20.38 2A.t2 r9.87
18.00 t7.78 17.57
15.99 15.80 15.62

11,frt 11.12 13.97
r2.8t 12.8 12.il
il -54 u.4Il il.31
10.45 t0.e5 10.244,
9.489 9.400 9.313

8.651 8.s73 8.196
7.915 7.U6 7,778
7.266 7.2A5 7.115
6.@2 6.637 6.fi1
6. r83 6. r,35 6.088

5-7gt 5.688 5.U7
5.3D 5.n2 5.2il
4.972 4.939 1.906
4.655 4.625 1.595
1.372 1.Ue 132A

4. r2r 1.@7 1.O71
3,898 3.87/ 3.8s7
3,701 3.689 3.665
3.s27 3.513 3.197
3.375 3.36t 3.U7

3.212 3.N 3.2t8
3,ru 3. il7 , 3. t06
3.029 3.020 3.0t2
2.246 2.?se 2.932
2.878 2.872 2.8&

9&.9
504.3
38.0

207.1
t#.4
lll.4
85.5t
8.99

56.2A
16,s8
39. 16
33.33
8.66

24.86
21.71
19.14
16.95
15. r0

13.52
t2.15

' r0.98
9.95r
9.O57

8.Dt
7j.580
6.969
6.lD
5.950

5.521
5. r45
4.809
1.sog
4.243

4.006
3.497,,
3.612
3.44?
'3.a06

3. t83
,3.075

'-i2.986

2.9t1
2.819

r 138 1018
565.6 .533.6
336.8 321.9

222.9 211.7
r58.0 r53.1
t17.6 111.1
90.78 88.60
72.Os 70.19

ss.46 57.32
48.30 17.43
40.50 39.82
u.g 33.85

4i.56 25.21
212.32 22.02
t9'.62 r9.38
17.36 -' 17.15
15.45 t5,n

r3.8t t3.66
12.41 12,fr
n.20 il.09
ro.15 10.o5
9.226 9.r4r

8.1n 8.34s
7.71t 7 .U5
7.66 7.Ofr
6.53? 6.{10
6.A2 5.995

5.605 5.s64
s.2r8 5.18r
1-873 1,81t
1.5& 4.59
4.Dl 1.28

1.A52 '.1.A29
3.836'.: 3.8I6
3.&1V'; 3.6n
3.{8r, 3.465
3.333 : 3.320

9.2f,6 3.194
3.W6 3.086
3-003 '2.991
2t925 ,2.918
2.860 2.855

898.3 835. r
477.3 152.3
291.9 %;2.6

r99.8 192.9
t44.a rc?.7
r08.5 ros.6
84.48 82,s2
.67.53 &.t2

55. r r 54.06
45.75 4.91"
38.5r 37.88
32.81 32.3t
B;21. 77.83

21.52 21.t9
21.16 2l . t8
18.90 t8.67
16,75 t6.56
i,l.ge v.z6

t3.37 r3.23
t2.03 I t.9l
TfiEr W.76
9.857 9.763
8.973 8.891

8.19{' 8.126
7 .515 7.452
6.9t2 6.856
6.379 63?p
5.905 s.86r

5.#1 5.145
5. r r0 5.075
1.777 1:716
4.,{81 1.453
4.218 4.193

3.984 3.962
".g.77 3.758
3.594 3.57t
3./134' 3.419
3.293 3.nO

3. r71 3.160
3.067 3.057
2.9n 2.970
2,9& 2.897
2.8& 2.838

774.4
+n.3
Dt.l
t86.3
145.6
r02.9
80.63
u.71

s3.08
4.t6
37.9
3r.82
27 -U

23.86
2A.91
t8.4
16.36
tl-&
r3.09
r r.78
10.6s
9.671
8.8r0

8.054
7.89
6.800
6.279
5.8t7

5.406
5.O40
1.715
1.426
1.169

3.94r
3,739
3.56t
3.,[04
3.2&

3.r49
3.O48
2.962
2.89r
2.833

5U



B

B}T,: .0 I .3.2 .6.5.4 .9.8.7

45
46
47
&
49

50
5l
52
53
54

55
56
57
58
59

a
6l
62
63u
65
66
67
68
69

70
7t
72
73
74

75
76
77
78
79

80
8l
82
83
84

85
85
87

2-824
2.785
2.755
2.736
2.7n

2.731
2.71s
2.769
2.803
2.84

2.9A2
2.967
3.042
3.tn
x,?25

3.333
3.151
3.fi7
3.733
3.894

1.071
1.26
4.178
+.tri
4.?70

s.2*
5.569
5.919
6.31I
6.750

7.u7
7.813
8,155
9.2,13

lo. r2

ll.t8
12.&
14.10
t6.r7
r8.93

22.77
%.53
38. il

2.821 2.819 2.8t4
2.782 2.778 2.775
2.752 2.7sO 2.78
2.735 2.733 2.732
2.78 2.7n 2.7fr

2.733 2,7U
2.719 2.7st
2.775 2.778
2.8r I 2.815
2.858 2.863

2,732
2.717
2.772
2.8A7
2.853

2.9@
2.971
3.O50
3. r37
3.235

3.34s
3.456
3.601
3.719
3.91r

3.356 3.368
3.179 3.192
3.615 3.6n
3.7U 3.780
3.9n 3.916

4.090 4.108 4.rr
A.ms 4.306 4.37
4.500 1.5?.3 f .il6
1.737 1.762 4.787
4.997 5.024 5.052

5,284 5.315 s.345
5.@2 5.636 5,670
5.956 5.994 6.032
6.352 6.91 6,137
6.797 6.841 6.892

7.300 7.354 7.1@
7.874 7.936 7.999
8.536 8.&7 8.680
9.305 9.389 I .171
10.2r 10.31 10.41

11 .30 11 .42 11 .54
t?.63 12.78 12.93
14.28 t1.17 11.&
t6.41 16.66 I6.91
t9.25 19.59 19.91

2.914 2.921 I

2.e8r 2.es8 
I3.0se 3.067 l

3.147 3. 156 I

s.216 3.u56 I

23.21
D.Z7
39.43

23.73 21.21
30.04 30.86
1Q.84 12.36

2.810 2.805 2.80I
2.772 2.769 2.7&
2.746 2.74 2.742
2.731 2.730 2.730
2.7N' 2.7n 2.729

2.737 2.78
2.755 2.758
2.785 2.788
2.824 2.88
2.874 2.879

2,735
2.7s3
2.782
2.820
2.868

2.927 2.933 2.9&
2.e96 3.004 3.01I
3-A75 3.084 3.092
3.166 3.175 3.185
3.267 g.n8 3.89

3.380 9.392
3.505 3.518
3.6{3 3.6s8
3.796 3.8I2
3.963 3.980

4.t17 4.166
4.348 4.3@
4.569 1.592
1.812 4.838
s.080 5.100

5.376 5.408
5.VA5 5,740
6.071 6.109
6.480 6.524
6.911 o.Wt

7.165 7.521
8.063 8.16
8.7s1 8.829
9.561 9.649
t0,52 1o.62

11.67 I I .80
13.08 13.24
14.86 $.A7
t7.17 17.&
20"30 20.68

24.78 25.U
31,.73 3?.U
44.00 15.76

3.404
3.s32
3.673
3.828
3.998

4.185
4.390
4.6t6
1.8U
5.137

5.uo
5,775
6.t19
6.568
7.Ul

7.578
8. r93
8.905
9.79

r0.73

il.93
13.,()
15.fr
17.72
2t.07

25.92
33.60
17.8

2.797 2.793 2.789
2.763 2.760 2.7s7
2.740 2.738 2.737
2.7n 2-7n 2.7n
2.729 2.730 2.730

2.710 2.741 2.713
2.7& 2.763 2.766
2.792 2.795 2.799
2.833 2.838 2.843
2.885 2.890 2.896

2.916 2.9s3 2.9&
3.0t9 3.026 3.034
3. t01 3. I l0 3.119
3.195 3.&5 3.215
3.300 3.311 3.322

3.4r6
3.545
3.88
3.844
4.016

3.1n 3.ut
3.559 3.573
3.703 3.718
3.861 3.87€
4.OU 4.A52

7.691 7.753
8.317 8.39s
9.061 9.112
9.921 10.02
10.95, I t.06

4.20s 1.22s 1.245
4.112 4.44 4.4s6
4.UO 1.& ,{.688
4.890 4.916 4.943
5.t66 5.195 5.2U

5-17t 5.504 5.536
5.810 5.U6 5.883
6. r89 6.2D 6.270
6.613 6.658 ' &.7A3
7.O?t 7.112 7.191

7.636
8.259
8.982
9.831

r0.84

t2.o6 12.20 tz.u
13.57 13,71 t3.92
t5.19 t5.71 15.91
r8.0r r8.31 18.61
21.17 21.89 22.32

26.52 n.$ 27 .83
34.63 35.72 36.88
19.76 52.02 54.50

From Henry, Lipson, and Wooster [G.8J.



APPENDIX
DATA FOR

I5
CALCULATION OF THE TEMPERATURE T'ACTO

Values of dk) : as a Function of x

For x greater than 7, /(x) is given to a good approximation by (1.642/x). (From Yol.2, p.2@
of [G.t ll).

Debye Temperatures

James IG.7, p.2217 gives the following
values of the characteristic Debye tem-
perature O for some cubic metals.

*I**
x .o .1 .2 .3 .4 .5 .6 .7 .8 .9

o
1

2
3
4
5
6

1.000
o.778
0.607
o.480
o.388
o.sz1
o.271

o.975
o.758
o.592
o.470
o.380
0.315
4.267

o.s51
o.739
o.578
o.460
o.373
o.310
o.263

o.928
4.721
o.565
o.450
o.366
o.304
o.259

o.904
o.703
o.552
o.4*o
0.359
o.299
o.255

o.882
o.686
o.539
o431
o.352
o.294
o.25r

'0.860
0.669
o.526
o.422
o.345
o.289
o.248

o.839
0.653
o.514
o.413
o.sssi\
o.285
o.244

o.818
o.637
o.503
o,404
o,333

'0.280
o.241

o.797
o.a22
o.491
o.396
o.327
o.276
o-2?7

Metal o("K) Metal o("K)

AI
Ca

Cu
Ag
Au

Cr
Mo
\/

390
230

320
210
175

485
380
310

Ta
Pb

Fe
Co
Ni

Pd
lr
Pt

245
88

430
410
400

275
28s
230
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XPPENDIX 16

Elbment
Atomic Atomic

Symbol numbeir weight

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Gormanium
Gold
Hafnium
Helium
Holmium
Hydrogen
lndium
lodine
lridium
lron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese

(227',)

26.9815
(243)
121.75
39.948
74.9216

(210)
137.34

(247)
9.01218

208.9806
10.81
79.904

112.40
40.08 -

(24s)
12.011

140j2
132.9055
35.453
51.996
58.9332
63.546

(247)
162.50

(2s4)
167.26
151.96

(253)
18.9984

1223)
157.25

69.72
72.59

196.9665
178.49

4.00260
164.9303

1.0080
114.82
126.9045
192,22

55.847
83.80

138.90s5
(257)
207.2

6.941
174.97
24.305
54.9380

(256)

Nitrogen N
Nobelium No
Osmium Os
Oxygen O
Palladium pd
Phosphorus p
Platinum pt
Plutonium pu
Polonium po
Potassium K
Praseodymium pr
Promethium pm
Protactinium pa

Radium Ra
Hadon Rn
Rhenium He
Rhodiurn Rh
Hubidium Rb
Ruthenium Ru

200.59
95.94

144.24
20.179

23V.0482
58.71
92.9064
r4.0067

(2s4)
190.2
15.9994

106.4
30.9738

195.09
(242)
(210)

39..102
140.9077

(147')
231.0359
226.0254

(222j
186.2
102.9055
85.4678

101.07
.l50.4

44.9559
78.96
28.086

107.868
22.9898
87.62
32.06

180.9479
98.9062

127.60
158.9254
204.37
232.0381
168.9342
1 18.69
47.90

183.85
238.029

50.9414
131.30
173.O4
88.90ss
6s.37
91.22

i
80
42
60
10
93

.28
41

7
102
76

8
46
15
78
94
84
19
59
61

91

88
86
75
45
37
44
6?
21

34
14
47
11

38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

89
13
95
51

18
33
85
56
97

4
83
5.:

3s
48
20
98

6
58
55

'17
24
27
29
96"
66
99
68
63

100
9

87
64
31

32
79
72

2
67

1

49
53
77
26
36
57

103
82

3
71

12
25

101

Ac
AI
Am
sb
Ar
As
At
Ba
BK

Be
Bi

Element

Mercury Hg
Molybdenum Mo
Neodymium Nd
Neon Ne
Neptunium Np
Nickel Ni
Niobium Nb

Atomic Atomic
Symbol number weight

B

Br
cd
Ca
cf
c
Ce
Cs
cl
Cr
Co
LU
Cm
Dy
Es

Er
Eu
Fm

F

Fr

Gd
Ga
Ge
Au
Hf
He
Ho
H

ln
I

lr
Fe

Kr
La
Lr
Pb
Li
Lu
Ms
Mn

Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalurn

Tellurium
Terbium
Thallium
Thorium
Thulium

Technetium Tc

Sm
Sc
Se
si
Ag
Na
Sr
s
Ta

Te
Tb
TI
Th
Tm

Tin Sn
Titanium Ti
Tungsten W
Uranium U
Vanadium V
Xenon Xe
Ytterbium yb
Yttrium y
Zinc Zn
Zirconium ZrMendelevium Md

ATOMIC WEIGIITS.Based on the assigned retative aromic mass of rzc = 12-

values in parentheses represent the nibst stable known isotopes.
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