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Robert S. Mulliken
(7/6/1896 - 31/10/1986)
Robert Sanderson Mulliken was born in 
Newburyport, Massachusetts, on June 7, 
1896, the son of Samuel Parsons Mulliken, 
Professor of Organic Chemistry and 
Katherine W. Mulliken. He was an 
American physicist and chemist, 
primarily responsible for the early 
development of molecular orbital theory. 
Mulliken took a B.Sc Degree in 1917 at the Massachusetts Institute 
of Technology, Cambridge and a Ph.D Degree at the University of 
Chicago in 1921.

Mulliken has been deeply interested in valence bond theory and 
molecular structure. His earlier work on isotopes and on diatomic 
band spectra was followed by theoretical systematisation of the 
electronic states of molecules mainly in terms of the idea of 
molecular orbitals. This included work on electronegativities, 
dipole moments and valence-state energies.

His more recent work has dealt extensively with the structural 
spectra of molecular complexes and extending and developing 
earlier work. In year 1966, Mulliken received Nobel Prize in 
Chemistry for his fundamental work concerning chemical bonds 

and the electronic structure of molecules by the molecular orbital 
method. He received the Priestley in 1983.

At the age of 90, Mulliken died of congestive 
heart failure at his daughter’s home in 

Arlington, Virginia on Oct 31, 1986. 
His body was returned to Chicago 

for burial.

DOWN
  3. The process of extraction of nickel by the action of carbon monoxide (CO) on the 

impure metal. (4)
  4. An apparatus which is used to transfer a known volume of solution from one

container to another. (7)
  6. An enzyme present in yeasts which breaks down hexose sugars to alcohol and
 carbon dioxide. (6)
  8. It consists of mainly kaolinite mineral used as a filler in rubber. (6)
10. An electron in an orbit will emit ……, the energy carried by …… comes from 

electronic motion. (9)
12. For a salt to be able to dissolve in a particular solvent then its solvation enthalpy

must be greater than its …… enthalpy. (7)
14. The non-haem form containing proteins. (10)
17. The subatomic particle that combines with others to form a hadron. (5)

2+ 3+18. A class of mixed metal oxides represented by M  M  O . (7)42

ACROSS
  1. Synthetic fibre which is a copolymer of acrylonitrile and vinyl

acetal. (7)
  2. …… is known as animal starch. (8)
  5. Describing a solid that has been melted and solidified into a single mass. (5)
  7. A sugar that has a six membered ring. (8)
  9. A colourless crystalline, alkaloid bitter in taste which occurs in cinchona bark 

and used in the treatment of malaria. (7)
11. A pale yellow gemstone which consists of aluminium silicate and fluoride and 

on heating it changes from yellow to rose pink. (5)
13. A ligand which is bound to a metal ion through a single donor atom as with

–Cl , H O or NH . (9)2 3
15. It is an arsenic derivative that causes blisters and used in chemical warfare. (8)
16. A mixture of barium sulphate and zinc sulphide used as pigment in paint. (9)
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A ketone X (C H O) which undergoes a haloform reaction gives 4 8
compound Y on reduction. Y on heating with sulphuric acid gives a 
compound Z, which form mono-ozonide P. P on hydrolysis with 
zinc dust gives only Q. Identify X, Y, Z, P and Q. 

Alkenes are more reactive than alkynes towards electrophilic 
addition reactions, yet vinyl acetylene reacts with 1 mol of HBr at 
triple bond. Why?

There are two paths (a) and (b) for the preparation of a compound 

Which path is correct and why? Also name the path (a) and (b).

25 mL of an aqueous solution of KCl was found to be 
required 20 mL of 1 M AgNO  solution when 3

titrated using K CrO  as indicator. Which is 2 4
the indicator in freezing point of KCl 

solution with 100% ionisation?

Puzzles to Puzzle You
1

3

February 2017 issue Answer
Crossword

Puzzles to Puzzle You Answers
–5 31. 2.493 × 10  dm

2. 6
 73. 4.87 × 10 C/g

4. 30%

2
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CHEMICAL CONNECT :

Firearms and Forensic Science
� You may have ever seen in a film or TV serials like CID or may 

� These particles are collected by applying tapes to the hands of be even in real life that when a shooting has occured, Forensic 
suspects and by vacuuming the crime scene.scientists are help the police to find out who fired the gun.

� Do you ever thought that how are they able to do so. Now, we 
are going to tell you the same by explaining the chemistry 
behind it.

� They study materials known as firearms discharge residues, 
which are the compounds produced when a gun is fired.

� A cartridge case is made up of three parts, a primer, a 
propellant and a bullet. Pulling the trigger ignites a primer by 

� Forensic scientists analyse the residues using a scanning electron friction.
microscope (SEM) with energy dispersive spectroscopy. 

� Primers tend to be inorganic compounds and a typical example 
� On bombardment with the electron beam of the SEM, core contains a mixture of lead styphnate (lead 2, 4, 6-trinitro

electrons are ionised from atoms on the surface of the particles.-1,3-benzenediolate), antimony sulphide and barium nitrate.
� The vacancies are filled by electrons from higher energy orbitals 

� The primer burns rapidly and its role is to ignite the propellant.
and these transitions are accompanied by the emission of X-ray 

� The propellant is normally either nitrocellulose or a mixture of 
photons.nitrocellulose or nitroglycerine.

� The frequency of the photons is characteristic for each element 
� These burns to generate a large volume of hot gas which 

and this enables lead, antimony and barium to be identified.propels the bullet down the barrel of the gun.
� There are many possible sources for these elements but the 

� Inorganic residues are formed by condensation of the vapours 
combination of all three of them together with the spherical shape from the primer compounds and these appear as hollow, 
of the particles enables firearms discharge residues to be spherical particles containing lead, antimony and barium.
unambiguously characterised.

H— —Me Na C — Me

Me

—Me
(a)

Path

(b) Me

Me
O+H O2

—Me
Me

Me
OH

conc. H SO , �2 4

–H O2

Me

Br1 2 3

Propyne

NaNH2

1  2  3

Me

4
Me
5

(2-methyl pent-1-ene-3-yne)

Path (a)

H E T E R O L Y T I C P B
1 11 15 9

H I N C R E A S E S Y A
7

R D I S O L A T E D R C

E E C A R B O N E T

E L E C T R O P H I L E N E

D S E RA

N

T

S M A L L

L I Q U I D

C A U S T I C

I

P

O

L

E Y

R

R

U

L I

O

C

I

D

A

L

P E S T I C I D E S

6 8

12

2 17 16 18

5 3

10

13

14

4

H

O

S

P

H

I

N

E

Y

D

R

O

X

I

D

E

N

C

I

N

E

R

A

T

–O –O

NO2

NO2O N2

2+Pb

Lead styphnate

(explosive)

SS

S
Sb

SbSb

S S

Sb

S

Antimony (III) sulphide

(fuel)

Ba (NO )

Barium nitrate

(oxidising agent)

3 2

iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu



iranchembook.ir/edu


