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JIK327 — Chemical Spectroscopy
[Spektroskopi Kimia]

Duration : 3 hours
[Masa : 3 jam]

Please ensure that this examination paper contains TWENTY FOUR printed pages
and an Appendix before you begin the examination.

Answer FIVE (5) questions. Answer the questions in English. You may also answer
the questions in Bahasa Malaysia, but not a mix of both languages.

All answers must be written in the answer booklet provided.

Each question is worth 20 marks and the mark for each sub question is given at the
end of that question.

In the event of any discrepancies in the exam questions, the English version shall be
used.

Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH EMPAT
muka surat dan Lampiran yang bercetak sebelum anda memulakan peperiksaan ini.

Jawab LIMA (5) soalan. Jawab soalan-soalan dalam Bahasa Inggeris. Anda juga
dibenarkan menjawab soalan dalam Bahasa Malaysia, tetapi campuran antara
kedua-dua bahasa ini tidak dibenarkan.

Setiap jawapan mesti dijawab di dalam buku jawapan yang disediakan.

Setiap soalan bernilai 20 markah dan markah subsoalan diperlihatkan di penghujung
subsoalan itu.

Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi Bahasa
Inggeris hendaklah diguna pakai.
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Calculate Auax for the compounds below.

Kirakan Jmax bagi sebatian di bawah.

(i).
CH;, R

CHj

(ii).
CH;

CH,

(6 marks/markah)

A solution containing the complex formed between Bi(lll) and thiourea
has a molar absorptivity of 9.32 x 10% L mol' cm™ at 470 nm.

(i) What is the absorbance of a 6.24 x 10° M solution of the
complex at 470 nm in a 1.00 cm cell?

(ii).  What is the molar concentration of the complex in a solution that
has the absorbance described in (i). when measured at 470 nm
ina 5.00 cm cell.

Suatu larutan mengandungi kompleks yang terbentuk antara Bi(lll) dan
tiourea mempunyai keterserapan molar sebanyak 9.32 x 10° L mol’
cm’’ pada 470 nm.
(i). Apakah nilai serapan bagi 6.24 x 10° M larutan kompleks pada
470 nm di dalam sel 1.00 cm?
(i).  Apakah nilai kepekatan molar bagi kompleks di dalam larutan
yang mempunyai nilai serapan di (i). apabila diukur pada 470 nm
di dalam sel 5.00 cm.
(4 marks/markah)
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Based on the infrared spectrum shown below, choose the most suitable
structure.

Berdasarkan spektrum inframerah yang ditunjukkan di bawah, pilih
struktur yang paling sesuai.

(i).
MICRONS
3 4 & T 8 9 10 1 2 13 14 15 16 18
1712 cm™!
3800 3200 2800 2400 2000 1800 : :M)U IhlUL: : I!L’U-lll ‘JIUOU 3()(]' B0
WAVENUMBERS [CM-)
[
CH, —CH,; —C—0—CH,—CHj;
A
i
QCH=CH—C—O—CH3—(‘H{
B
I
C
I
0—C—CH,—CH=CH—CHj,4
D
.4/-
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w
2
£
;
& | |
10
o | I 1 1 Ll | ! I
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 BOO 600 400
WAVENUMBERS (CM-)
9 O
4
0]
0]
A B C D

(4 marks/markah)
(d).  Assign a structure to each of the following spectra.

Padankan struktur bagi setiap spektra yang ditunjukkan.

().
MICRONS
3 5.5 6 T 8 g 10 1 12 13 14 15 16 17 18 W
NTEITNR - L |
RT R ]
T e "
{Hlillllllllllliiillllll 4 /1
il PO 7
I [ iV o]
Il Il ﬂ /1 ! A /
HI AT HH I f] i BN
II,' T L R ””771(771‘»777777777 N
il s
HII Il W i \
(L] [T | 1
'JII I | i
il It} k
[l [l ]
L 1 11 /
(1T [l i
1800 1600 1400 1200 1000 200 600
WAVENUMBERS
CH_ _CH;
_C=CH—CH,0H CH,=C__
CH; CH,CH,OH
CH}CH:CHzCHzCH:OH CH2=CH_CH2CH2CH20H

...5/-
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(ii).
MICRONS
25 26 27 28 29 3 35 4 45 5 55 [ 7 8 s 10 1 12 13
10, TEETTTIT T T TLH [ ' ! i i j I
i LA Y
w i / HA
il 13 7 7 I |
7olb T i 4 i A
184 A ] \
colll & HFIEAYN
s ﬁ!r' | I’
50 _',' I
w7 m & s jf
P ]
soff- ¥ il
it 4 ,
i
o il i :
0 LI LA |
4000 3800 3800 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
WAVENUMBERS
CHy_ _CH,
/C=CH—CH20H CHz—C.\
CH; CH,CH-,OH
CH';CHQCHQCHzCHzOH CH2=CH_CH2CH2CH20H
(iii).
I‘wz.s 26 27 28 28 3 as 4 45 5 55 ] & T 8 o 10 n 2 13 14 15 16 17 18 18 |
DT 11 E B
90 i i 1 : \
) I r' M 7 S
off ¥ I A aum 8] A
olll I | i ]
s il ,H.l | 7]
sot Y o A |Ii
|40 T :H:I \
aofff ¥ i
2 E
0
fm 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 €00 I
WAVENUMBERS !
CHs _CH;
/C=CH—CH20H CHz—C.\
CH; CH,CH-,OH
CH';CHQCHQCHzCHzOH CH2=CH_CH2CH2CH20H

(6 marks/markah)
...6/-
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For each structure shown below:
o Draw the structure of the ion indicated by m/z value(s).
o Draw a fragmentation mechanism that accounts for the formation
of that fragment ion.
Bagi setiap struktur yang ditunjukkan di bawah:
o Lukiskan struktur bagi ion yang memberikan nilai m/z.
o Lukiskan mekanisme penyerpihan yang bertanggungjawab bagi

pembentukkan serpihan ion berkenaan.

(i).  Fragmention at m/z = 98 (base peak)
lon serpihan pada m/z = 98 (puncak utama)

N/\/\/

>

(ii).  Fragment ion at m/z = 95 (base peak)
lon serpihan pada m/z = 95 (puncak utama)

O O
[ )~ —
o’
(iif).  Fragment ion at m/z = 58 (base peak)
lon serpihan pada m/z = 58 (puncak utama)

|
NS

|O .

(iv). Fragmention at m/z = 120 (base peak)
lon serpihan pada m/z = 120 (puncak utama)

0
/\ ) JI\O\ -
NH,

(8 marks/markah)

o dl-
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For each mass spectrum below, determine the structure of the
prominent fragment ions and draw a fragmentation mechanism to
explain their formation.

Bagi setiap spektrum jisim di bawah, tentukan struktur bagi ion serpihan
utama dan lukiskan mekanisme penyerpihan bagi menerangkan
pembentukkannya.

(). 3-methylheptan-3-ol
3-metilheptan-3-ol

100
ED_
b}
2
_g
= B0~
=
<
L
-
-Eu 40
)
o
20+
0 ey |.|l | J‘ ||||‘ lIII ||. Ll I L
WARAd RARL] RARAY RARAN RARAN RARAN LARAN RARRY RARRS LARES RARSS RARE] LARLE RARLS RARLS RARLN LARAN RAALS LARLY RAAES RARE |
10 20 30 40 50 60 70 80 20 100 110
miz
(ii).  Dicyclohexylamine
Disikloheksilamina
100
80
()
Q
=
3
S 60
=
<
w
o
= 40
i
o~
20+
D'WMNMW|||w=|=!h||nI|I|H|I|I||!IH||I|Illl||||||I!!||l||l|r[| |m|u|;!u|u.|-|-||-||muu|}'u|
25 50 75 100 125 150 175
m/z

(12 marks/markah)

..8/-
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3. (a). Draw the structure of each of the following unknown compounds based
on its molecular formula and its '"H NMR, *C NMR and IR spectra.

Explain your answer.

Lukiskan struktur untuk setiap sebatian yang tidak diketahui di bawah
berdasarkan formula molekul dan spektrum 'H NMR, '3C NMR serta IR
masing-masing. Jelaskan jawapan anda.

(i). CeH1202

ﬂ WITH )lu

40PowooNMR 35 30 25 20 45 0P 0.3
285 Integral Values a9, 85
“
f
‘!
E .
& o
o | | &
e )
’ |
. I
[[||\]||1| \|||||rq|[|:||‘||||I|||!|IllI[]IIr]l11IrlIII|III1[1III|IIIIIIII\]II11[IIII[IITI|
160 160 140 120 i 80 60 4 20 PPN 0
Carbon 13 NMR
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lﬂﬁ—-r — l ll — |
o0 -F——— N fi\-\1|

I | ﬁ.:\_ | [f -J"if Il*l
fet——p— i
E Hm ‘ 108 |.|I |
E L gl
o1 1 T

! | | g
. 2 | |8 "
20 AL i - l.—ﬂ
J ! | . | A |
J | -+ ==
| | = | &
"1 I S ! BNV | NS S E—
4000 3500 3000 2500 "’Uﬂﬂ 1500 1000  600.0
Wavenumbers

(ii). CsH100O

il

ITIIIlIIIFIII'\WI'I'II
05100 95 9.0 85 80 75 7.0 E.EPPH 3.0 2.5 2l 15 1.0 PPy

e [ S I —

16.22 Tategral Values 13 ns M0 411
Proton NMR

...10/-
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o
Fe 0
i 8
I

)

f

!

SEPUARMNLY SN, ¢
1||||'||I||||||||||||||||||||||||]||||||||||||||||i|||||||l|||L|||||l||||]III'I]IIII|IIII|IIII[IIF|']"I||||||1||
bl {60 2] 1A 100 80 L] NP0
Carhon 13NMR
100 |
501 e\ : {,/” _‘\1 Ir/'\l .*'M‘ ‘UM
J|'. ﬁ.l wm
8 | v F s ; =)

60 Loy ,
897 ‘ = gﬂ = !
g 1 1
w | =
E | | :J
g-llﬂl wg .

o
(&
—
20 =
| e~ -
) ‘ 1
|—|
D | L] T T T T L T T T T T 1 T T T T T ™ 1 T T T
J000 1500 J0e0D 2500 2000 1500 1000 &00.0
Wavenumbers
A1
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(iii). CsH7NO2

10 9 8 7 6 5 4 3 2 1 0 PPM
Proton NMR

CDCly

200 180 160 140 120 100 80 60 40 20 0 PPM

Carbon 13 NMR

w0 M0 20 20 240 00 B0 160 W0 20 1w 80 6 )
Wavenumbers

. A2/-
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(iv). CsH100
LB T TIinv1 TI 17 L L Ti 110 Tiri7T LI LIS Tyt LELELELE L T l
gllll"llll.?illlll E| T 5| T 4[ T 3|I”ﬂ“l I EI‘Jde |
e [
Protoa NMR 27 Integral Values 185 191 121
na
fie
Y, : :
- |8 I
8 (
|
.l \ i
L e e 1
L B I A L LALLM g L B T A S LR TTT 'II'II'II[IIIIIIII'I|TIII|
i ldlﬂ : 120 100 80 60 40 0
Carbon 13 NMR
100 | — R — | =
1 | | ‘ | ‘
B —— l ! S, | |
‘ - S AT
g ] I | gl [ |
g 60 =i | — E|“ 4 | 2 =1 ' :I,'-‘I_?_i_' %.'_
g8 | \ [l Xl B "
= \ .'I v. 1 | — = - ‘ | |
E d 1 II || | | = ~ ) ||| |
(=T 1 J ._.!L.' | LI ' I
$ 4 ‘I', -I-I Il|. ﬁ Il |.I| ’l |.
| /B8 g3 | |
ol bl = e
“ | B -+
] s 3
i — — — e = i ,_i,_,h.i
4000 3500 3000 2500 2000 1500 1000 600.0
Wavenumbers

(20 marks/markah)
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4. (a). Explain how you would distinguish the three isomers below using NMR
spectroscopy. Give specific examples of peaks, chemical shifts and
splitting patterns that would illustrate the differences.

Terangkan bagaimana anda akan membezakan tiga isomer di bawah
dengan menggunakan spektroskopi NMR. Berikan contoh spesifik bagi
puncak, anjakan kimia dan pola pemecahan untuk menunjukkan

perbezaaanya.
o) o o)
/\)k 04<; )k
OH / /\o
butanoic acid methyl propanoate ethyl ethanoate
asid butanoik metil propanoat etil etanoat

(6 marks/markah)

(b). Determine the structure of CgH140 from the NMR data below.
Tentukan struktur CsH140 berpandukan data NMR di bawah.

Chemical shift (8) | Number of hydrogen | Splitting pattern
9.72 ppm 1H S
5.34 ppm 1H t
3.21 ppm 1H q
2.00 ppm 2H m
1.82 ppm 3H S
1.06 ppm 3H t
0.83 ppm 3H s

(4 marks/markah)

(c). Draw the 'H-NMR spectrum you would expect for the following
compounds. Show clearly the splitting pattern and the integration
values.

Lukiskan spektrum 'H-NMR yang anda jangkakan untuk sebatian-
sebatian di bawah. Tunjukkan dengan jelas pola pemecahan dan nilai
integrasi.

(i).  CH3CH2COOCH2CHs3

(ii).  CH3COCH2CH2CH3
(10 marks/markah)

. A4/-
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An unknown compound, Y has the following mass, IR, 'H and 'C NMR
spectra. The UV spectrum of this compound shows only end absorption.
Explain each spectrum individually and then consider them in relation to each
other. Determine and draw the structure of compound Y.

Suatu sebatian yang tidak diketahui, Y mempunyai data jisim, spektrum IR, "H
dan 3C-NMRnya. Spektrum UV sebatian ini hanya menunjukkan penyerapan
akhir. Jelaskan setiap spektrum secara berasingan dan kemudian
pertimbangkan hubungan spektrum-spektrum antara satu sama lain. Tentu
dan lukiskan struktur sebatian'Y.

[LL}]

29

Bl —

LA
|

Bl —

40—

Relative Abundance

20

a B I‘“ .llll.l. outh . l“ [t 2%
0 20 40 60 80 106

m's

M *(102)

MICRONS
1002‘5 3 4 5 6 7 § 9 10 1 218 14 15 16 19
! ! | | 1 1 1 1 1 1 1 1 1 1

1740 ¢m !

0 I I A A | S I
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
WAVENUMBERS (CM ")

... 15/-
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— — i o ks . -.-r. .-_“l'_

2]  EEESE A SENE BEEE
3 i 11 triplets |
e s Hiarchd s * - 7—_.... =

10 9 g 7 6 5 4 3 2 1 0 PPM

Proton NMRE

200 180 160 140 120 100 £0
Carbon 13 NMR

(20 marks/markah)

... 16/-
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Determine the symmetry elements and assign the point group of the
following molecules or ions.

Tentukan unsur-unsur simetri dan tetapkan kumpulan titik bagi
molekul-molekul atau ion-ion berikut.
().  NHsCI*
(ii). BF4*
(iii). PF3
(iv). SF4
(v). XeFas
(10 marks/markah)

Find the irreducible representation for the following reducible ones:

Dapatkan perwakilan tak terturunkan untuk data terturunkan berikut:

(i).

Cesv E 2Cs 2Cs3 C2 30y 304
4 -1 1 2 0 -2
(ii).
Tg E 8Cs; 3C, 6S4 604
8 2 0 2 2

(6 marks/markah)

Predict the IR and Raman vibrations in boron trichloride (Dsn). Show
your calculation.

Ramalkan getaran IR dan Raman dalam boron triklorida (Dsp).
Tunjukkan pengiraan anda.

cl _
B
|

Cl

boron trichloride

Cl
-

(4 marks/markah)

AT
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APPENDIX
Rules of Diene Absorption
Base value for heteroannular diene 214
Base value for homoannular diene 253
Increments for
Double bond extending conjugation +30
Alkyl substituent or ring residue +5
Exocyclic double bond +5
Polar groupings:
OAc +0
OAIk +6
SAlk +30
Cl, Br +5
N(Alk)2 +60
Solvent correction +0
Acalc = Total
Rules of Enones Absorption
Base values:
Six-membered ring or acyclic parent 215
enone 202
Five-membered ring parent enone 245
Acyclic dienone
Increments for:
Double-bond-extending conjugation +30
Alkyl group or ring residue a+10
B+12
y and higher
+18
Exocyclic double bond +5
Homocyclic diene component +39
Acalc = Total

.. 18/-
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Reducing Formula

a, = 1/ Z X XN

h ; total number of operations in certain point group.

Character (X) for reducible representation.

P
o
e

X5, : Character (X) for reducible representation (from the character Table)

N® ; Number of symmetry operation for each type or class of operation.

Contribution for the Character, y(R), for each unshifted atom in I';5

R LR
E +3

i -3 |

) +1 B
G ‘ -1
C.'iia CSZ 0
C-llq C43 | +1
Csl, Cr,s +3
Ss', S5 -2
S-ilr S-ls -1
| SEI: SES @

...20/-
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Notations of the Character Table

T c

a. Schoenihies symbols for point group
b. lists the symmetry operations (by classes) for that group

¢. lists all the characters, for all irreducible representations, of each class of each
operation

d. shows the irreducible representations for which the six vectors , Tx, Ty, Tz, Rx, Ry,
Rz, provide the bases

e. shows the funtions which are binary combinations of x, v, z (. XV, 7 ) provide bases
for ¢ertain irreducible representations

£ _ lists conventional symbols for the irreducible representations called Mulliken symbols,
ATl one —dimentional ireducible rep. Are labelled as A or B, all two-dimentional as E,
al] three-dimentional as T (in certain texts it is given the label F), four-dimentional as
G and five-dimentional as H.

In addition to the letter, most Mulliken symbols possess certain subscripts and/or
superscripts. For two- and higher — dimentional irreducible representations they can be
regarded as lebels. For one-dimentional representations, they have the following
specifications.
A - One-dimentional irreducible rep. if it is symmetry about Cn axis, ie(y =+1)
- 55 & = v aptisymm. (x=-1)
Sub.,: Irr. Rep is symumetry with respect to C; L Cn (ifmo C3), then

Irr. Rep. Is symmetry with respect 10 .
Sub. ; Irr. Repis antisymmetry under conditions as those in Sub; of above.

Sub,, : (gerade) irT. Tep. are symim. With respect to inversion at an 1
Sub. , (ungerade) irr. rep. are anhisymm. with respect 1o an i

' . irr. Rep are symm with respect 1o reflection in 2 Gy
** +jrr. Rep. Are antisymm with respect 10 reflection in a oy

2110-
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NH+HV N+V VI 3 W+ly 4 9 @4 q
N+ N+ 92 34 g4+'g 4 3 3 g
v WV 4 Vv °q W W 4 q N+V WA g
WV v g Vv g W ' 4 g N+ ,V '3 'q
oV oV Y VY Y v W v | iy uV \'% iy
N v Vv V Ly v v v by v v Wy
§e e & &0 2z ey Mg % | e 0 ) e )
Pn in HHN;_E «—'n Pp “p

N+ N+V gL Wg+'g g+'g H q
N oV v Iy Oy g q
' oV vV v oy S g 'q
& N N v Ty Yy v Ty
' vV ¥ v Iy Ty v by
e e e D e D )

Pn in Pp in
¥ A | g
N+ OH 9 oV A | 'q
uV A4 oy v S~V iy
v A4 vy vV N by
WU .mu .._.mu nu h“w NU .._.N”v

sdnoan %y ay g
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The Dy Groups
Gy — Cyfz) G o

D’M S-I Dl Cl\r C’Z Cl CJ

Ay A A Ay A A AT

A A By Az A B A"

By B A Ay A A A"

B; B By Ay A B Ar

E E B:+B; B +B ZIB A+B A"+ A"

Dsy D G 5 G Cy, Ca L G

Agg Ky g A A A R

Asy Ay Ay A A By B A" Ay

E, E E E, E A;+B, A+B A"+ A" 24,
A A R A TR TA A Ny

Az Ay Ay Ac-a o By B A’ R0

E, E E E, E Aj+B. A+B A"+ A" 24,

o O

Dy D, O, B G S (e
A Ay ONOERS S R i A’
Ay Az As A A Ag A B AT
B, My Az BE A Az A A AT
B As Ay B A Ay A B A’
E; E E E; E B+B, 2B A+B A"+ A"
E; B,+B, B,+B; E; 2B Aj+A; 2A A+B A"+ A"
Es E E E, E Bi+B; 2B A+B A"+ A"
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