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Please read this carefully before you start.

USING THE CHEMISTRY CASSETTE

This Chemistry Cassette learning programme has two components - an audio-
cassette and this book. The two are designed to be used together so always have
the book with you as you work through the cassette.

To help you to locate material in the book you will see that it has been divided
into numbered ‘frames’, each of which contains relevant diagrams, tables,
figures, etc. The speaker will give you the appropriate frame number when he
wants you to refer to anything.

This programme has been designed for individual, self-paced learning and you
can work through it at a rate related to your own needs and understanding.
Switch off the tape player whenever you want to think, to write some notes or to
answer a question. Use the rewind control to revise or to repeat material that you
may not fully understand on a first hearing. Whenever appropriate make notes
to supplement the material contained in the book; this will enable you to build
up a detailed set of personal notes which will serve as your own authoritative
guide to the subject.
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a PROBLEM 2 G PROBLEM 3

The proton n.m.r. spectrum of GePH, is shown below. The '°F n.m.r. s : .

m.r. spectrum of SF, varies with
Deduce the s}ructure of Fhe compognd. (Both *!P and temperature as shown. What struZture does this suggest
14 have I = % and essentially 100% natural abundance. at Llow temperature? Explain the change of s ectrur?ug
Coupling constants between P and H are often very the temperature is raised g *
Large.) . )

Spectrum reproduced from William L Jolly,

The Synthesis and Characterization of

' Inorganic Compounds, © 1970, p. 365. -98°C
Reproduced by permission of Prentice-Hall

inc., Englewood Cliffs, New Jersey.

# —-58°C

- Y.

23°C

Information obtainable from the 'H spectrum of GePH;:

Quartet - set of protons split by three neighbours ¢ 0 a
Triplet - set of protons split by two neighbours

Quartet extensively split by phosphorus %
Triplet less extensively sptit by phosphorus . ES_,—*”’
L 1] F .—

Quartet - set of two protons
Triplet - set of three protons F




0 PROBLEM 4

Reaction of cis-3,4-dichlorocyclobutene with an
excess of Fe,(CO0), in isopentane at 30°C produces a
pale yellow compound FeC,H,0,. The infrared spectrum
shows two strong bands at 1985 and 2055 cm™! and the
'H n.m.r. spectrum consists of a single sharp Lline
at § = 3.91 ppm. The mass spectrum gives peaks at
192, 164, 136 and 108. Deduce the structure of the
product. [Fe = 56, ¢ =12, 0 = 16, H = 1].

i m - Infrared

H 1985, 2055 cm-1

Cl + Fe,(C0) ,— FeC,H,0,
M = 192

Cl

Mass spec.
192, 164, 136, 108

H n.m.r.
singlet, § = 3.91 ppm

®

@ C.H,Fe(CO),

@ PROBLEM 5

Caesium fluoride and antimony pentafluoride react
exothermically in S0, solution to give a soluble
product, CsF.2SbFs. This product can be recovered by
evaporating the SO, . The !°F n.m.r. spectrum of the
solution is given below. Deduce the structure of the
compound. '

(Peak areas in parentheses)

<) ® )
[ | W ] i

1
90 100 110 120 130

Chemical shift, ppm from CFCL,

Chemistry: CsF ionises to give Fo

SbF, is a powerful F acceptor
Stoichiometry is CsF:2SbF

Peak positfons: How many types of fluorine?
Peak areas: How many of each typé of fluorine?

Splitting: How many neighbours?




m PROBLEM 6

Low temperature chlorination of PF, produces a
Liquid form of PCL,F, (isomer A). Treatment of PCl,
in solution in AsCl; with AsF, produces a solid form
of PCL,F, (isomer B). A changes to B on standing for a
few days at room temperature. The !'°F n.m.r. spectrum
of A at =143°C in isopentane is shown below. Cryoscopic
measurements in isopentane show it to be monomeric, and
the *3CL nuclear quadrupole resonance spectrum shows
the two chlorine atoms to be equivalent. It gives a
non-conducting solution in solvents like acetonitrile.
The solid form of PCL,F, (isomer B) gives a conducting
solution in polar solvents.

Suggest structures for A2 and B.

19¢ -~ (doublet + triplet) x 2

non-conducting monomeric
cL \ /
PF, loa temp ¥ PCL,F, isomer A (Liquid)
\\\\\\\\ two chlorines
equivalent
stand{for
a few|days
conducting
solution in
polar solvents
. v
PCLs Aofoin AsCls —» PCL,F, isomer B (solid)

2 equivalent fluorines - doublet
x 2 due to phosphorus

1 fluorine - triplet

L:
s L
=i
"N=~CcH
B I|I Ilh o s
- L=J{ ]
IN:
CH; O CH,
C
1 1 1 1 1
-165 -155 -145 -135 -125
Chemical shift ppm from CFCL,
—— e b S e B

O ;

axial

o
o*
o [}
I} ]

equatoriat

Non—-equivalent positions on a trigonal bipyramid.

@ PROBLEM 7

Stable complexes, TifF,.L,, are.formed between TiF,
and various substituted pyridine-1-oxides(L). What
information can you deduce about the complexes from the
1*F n.m.r. spectra given below?




@ Isomers of an octahedral complex:
L L

~\.1L ,,,ff”L F I.”,,;’F
E/ - F/ I\F

b.
cis : trans

F L
@ PROBLEM 8

If anhydrous platinum(II) bromide is suspended in
chloroform and treated with o-styryldimethyl arsine
(0~S), three compounds, A, Band C can be isolated. ALl
compounds are monomeric and non-conducting in nitro-
benzene. Formulae and infrared data are tabulated below:

a

CH=CHa Ve=¢/Cm—?
0=S 1630
As (CH3)2
a PtBr,(o=S), 1630
B PtBr,(o-S), 1627
c PtBr,(o-S) 1488

Addition of an excess of bromine to A or B gave an
orange complex, D, PtBr,(o-S), in which the bands at
1630/1627 cm-' were absent, but new bands had appeared
at 594 and 572 cm-!. Suggest structures for A4, B, C,
and D,

— Ss®

Key information from Problem 8:

(i) Free Ligand, A and B all have _c=c]
(ii) A and B are isomers of a Pt(II) complex
(ii1) ¢ involves the _c=C{ bond

(iv) ¢ only has one ligand per Pt

Brominated product:
(i) 8 Br atoms but only two As
Gii) )c=c: bond has gone
(iii) Are both Pt and ligand brominated?




@ PROBLEM 9 @

Infrared spectrum (cm-1) N.m.r. spectrum
Allyl chloride, CH,=CH-CH,CL, reacts at room
temperature with Lithium manganese carbonyl, Around 3000 - C-~H 2 + 2 + 1 protons
LiMn(CO0); to produce a yellow Lliquid A (C: 40.7% Around 2000 - C=0 extensive splitting
H: 2.2% Mn: 23.2%). : 1620 - C=C A

On heating A to 100°C, one mole of CO is given off

per mole of A, and a pale yellow solid B is formed.

'H n.m.r. and infrared data on A and B are given below.
Suggest structures for 2 and B. [C =12, H=1, 0 = 16,

Mn = 551 =
LiMn(CO), —cHe=CHCH CL o (ow Liquid 2
2 MnC,y H,; O
100°¢
1 (@ @)
L 1 1 1 1 L 1 1
7 6 5 4 3 2 1 o0
5§ (ppm) ‘
yellow solid B + CO
e MNC, H, 0,

infrared spectrum (cm?) \\\\\\\

Nn.m.r. spectrum

around 3000 - C-H (but no 2925)
around 2000 - €=0 2 +2 + 1 protons
1505 - modified C=C? extensive splitting

M @ ‘
| 1 1 1 ] [ @
0

5 4 3 2 1 Possible product of reaction:
§ (pom) - t b a
'H n.m.r spectra. (Peak areas in parentheses) CH,=CH-CH,CL + LiMn(CO) ; — CH,=CH=CH,=-Mn(C0) ,+ LiCl
Infrared data/cm-?
A =3085 3010 2925 2110 2079 2024 2004 1620 1310 985

B :3080 3030 2110 2060 2049 1950 1505




@ Infrared assignments (cm™1)
3085, 3010 C-H stretch of vinyl group
2925 - C-H stretch of =CH,~Mn group
2110, 2079, 2024, 2004 E;o stretch
1620 >c=CT stretch
1410 =CH, in plane bend
1310 =CH in plane bend
985 =CH out of plane bend
925 =CH, out of plane bend

H

| |
C— C —Mn (Co)s

i

H

r+*”(i
H
(77 H
aH C \ aH
~ c N C:’///
bH ' bH
Mn

@ PROBLEM 10

The reaction of CF,=CF, with Fe,(C0),, gives a
colourless crystalline compound A (C: 26.5%, F: 41.7%,
Fe: 15.4%). The infrared spectrum of A shows bands at
2160, 2108, 2088 and 2055 cm-'. The mass spectrum
includes peaks at m/e values of 368, 340, 312, 284, 256
and 162 (the most intense peak). The first five of these
peaks correspond (from the isotope pattern) to iron-
containing ions, but the peak at 162 does not contain
iron. The !°F n.m.r. spectrum of A consists of two
equal-area multiplets at 9.25 and 73.95 ppm upfield of
benzotrifluoride. The molecular mass of the compound
was estimated from !°F n.m.r. measurements and by
X=-ray crystallography to be 373. Identify compound A
and suggest its structure. [C =12, F = 19, Fe = 55.8,
0 = 16. The most abundant isotope of iron has mass 56.]

Infrared spectrum Mass spectrum
Bands around 2000 cm™! 368 340 312
=0 284 256 162
_ \\\\\\\\\\\ (no Fe)
CF,=CF, /
+ —» colourless
Fe, (CO),, crystalline
solid a

FeC,F,0, (M=368)

N

19F n.m.r. spectrum Molecular mass
Two equal area multiplets s approx. 373 _




@ c,FoFe(co),

@ Two unlikely structures:

OC\_IL_/ CO OC\T ‘/”/

OC/_t_\CO OC/ | e
F,C==CF g
I I

ANSWERS TO PROBLEMS

o * +

162 = ¢,F: i.e. CFp CF-'

CF

CF,

CF2 i

Problem 1 Foo2-
F | F
si—
Fe™ | Np
Problem 2 T H
H— Ge —FP
I H
H
Problem 3 3
/F
—S
\F
F
Problem 4




Problem 5 bF b F

CS+ CF

Problem 6 F

_ - _Cl
Isomer A: F P/

I Ve
F
Isomer B: EPCLtJEPF;J
Problem 7
A L o L

cis isomer

B, Mixture of isomers

trans isomer

Problem 8

CH=CH,

Br
Aand B : \ / As (CH3)2 O
Pt |
7 N, L

also trans isomer CH:CH2
CHj3
c: \ Cha
Br As
\ /
Pt
/
Br CH
CH,
D: CHzBr—CHBr
As (CHg),
I As (CH
Br\ o / ( 3)2

Br v | g, CHBr
Br

CH,Br




1

Problem 9

A: \\ |

(co),

Problem 10

. CFa— CFa~_

F‘-"""

CF, s CF,

0o
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Effective Learning

A PRACTICAL GUIDE FOR STUDENTS »
by L J Haynes, P D Groves, R B Moyes and P J Hills.

This unique publication consists of a tape cassette and an accompanying book.
Designed for all students in further and higher education, it will be especially
valuable for new students who are about to start a course in college, polytechnic or
university.

The cassette contains a series of talks by the authors, a section on examinations
including also a short contribution from a psychiatrist on ‘examination stress’. The
emphasis throughout is on active participation by the user who is asked to carry out
.a series of short exercises designed to assist in the acquisition of effective personal
learning techniques. These include:

preparing a work diary » finding out about the library
deciding what to buy < getting the most out a book
preparing good lecture notes < using resource materials

« benefitting from tutorials < preparing for examinations

S o%
o W W

The book includes much valuable supplementary information and has been
designed so that the results of the various exercises can be written as they are
completed. It becomes thereby a guide to the study facilities in the student’s own
college or university and to personal study techniques.

‘The sections are nicely balanced and integrated ....... a worthwhile and timely
venture by experienced university teachers to help students cope with new learning
experiences.’ Times Higher Education Supplement.

Price £5.20 ISBN 0 906070 00 7
from

TETRADON PUBLICATIONS LIMITED
40 HADZOR ROAD, OLDBURY, WARLEY, WEST MIDLANDS, B68 9LA.
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‘—'Education in Chomistry“‘—"

_form.

Keaping up with resserch trends in chemietry is oftsn @illeuh.
Ressarch papers ugually cencentrate on one smal aree in too
much detail, while books are expensive and often too :
comprehensive. What teachers of chemistry need sre short

‘ authontatlve review artlcles published in a. readi'y assimileble

EDUCATION IN CHEMISTRY provides such articles. It is the
only magazine in the U.K. devoted entirely to those. to.chmg
chemisty both at secondary and tertiary level, and carries a
wide range of useful material. As well as publishing review
articles on recent development in chemistry, it aleo provides a
forum in which teachers can pass on the knowisdge gasined
from their own experience. The research results of those
looking into the problems of chemical education are reported in
a comprehensible form, and short news items of matters that
concern teachers are featured. The special issues of
EDUCATION IN CHEMISTRY are particularly useful. In the past
six years issues have been devoted to courses and careers,
projects, safety, energy, agriculture and schools/industry
liaison.

EDUCATION IN CHEMISTRY also publishes reviews, mostly by
teachers, on the plethora of potentially useful chemistry books,
as well as keeping teachers up to date on the latest equipment,
films, slides, tapes and wall charts. There is a regular festure
on safety in the laboratory.

In addition, EDUCATION IN CHEMISTRY covers items desling
‘with the teaching of chemistry in new U.K. aress which has
helped to establish it as one of the world’s leading journals in
-its field.

6 issues per annum: UK and USA £31 OO ($78.00)
Rest of the werid £33.00




