KENYATTA UNIVERSITY

UNIVERSITY EXAMINATIONS 2010/2011
OPEN, DISTANCE AND E-LEARNING EXAMINATION FOR THE DEGREE OF
BACHELOR OF SCIENCE AND BACHELOR OF EDUCATION

SCH 311: ORGANIC SPECTROSCOPY

DATE: Thursday 7% July 2011 TIME: 8.00a.m - 10.00a.m

INSTRUCTIONS: Answer ALL Questions.
The spectroscopic tables are provided at the end.

1. (a) Calculate the frequency and wavenumber of infrared light of wavelength A = 10 pm.
[3 marks]

(b) For ultraviolet light of wavelength 200 nm, calculate:
(i) the frequency of this light,
(i) the amount of energy absorbed by one molecule when it interacts with this light,

and the corresponding amount of energy absorbed by one mole of substance.
. [3 marks]

(¢) Calculate the expected A, for the & —»7* transitions or K-band for the following

compounds using the Woodward, Fisher, Nielson and Scott rules.
[10 marks]

OCH, o
Pz

(M) (ii)
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COEt
COOCH,
(iii) @iv) o
cl o}
OCH,
2. Discuss what features of their IR spectra could help in distinguishing the following pairs?
[8 marks]

(@) 4-(Aminomethyl)benzoic acid, H,NCH,C¢HsCOOH and 4-aminophenylacetic acid,
H,NCgH4CH,COOH.

(b) Butanamide, CH3CH,CH,CONH; and N-methylpropanamide, CH;CH,;CONHCHs.

3. (a) How could IR spectroscopy be used to distinguish the members of the following pairs,
and how reliable would these distinctions be? [6 Marks]
(i)  the cis and trans isomers of 3-hexene,
(i) natural rubber (cis-polyisoprene) and butyl rubber (polyisobutene), and
(iii) 1-hexyne and 3-hexyne?

(b) Explain with examples the following: [6 marks]
(i) Overtones
(ii) Finger print region
(i) Fermi resonance

4. (a) Assign structures to each of thg.compounds (A, B and C) in the following Figure 1.
[9 marks]
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Figure 1. 'H NMR spectra.
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(b) the proton-decoupled Bc spectrum given in Figure 2 is of a tribromobenzene, CsH3Br3.

Which tribromobenzene is it? [6 marks]

CDClg

;e il

A

H i i i e i ; I ! L i 1 ] LI SO SO
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
8, (ppm)

Figure 2. 13C spectrum of a tribromobenzene.

5. (a) Calculate the expected apparent mass fo the metastable ion produced when m/z 77

decomposes by loss of CH=CH to m/z 51. [3 Marks]

(b) Predict the structure of the base peak in the mass spectrum of (a) n-octane and (b) 2-

6.
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methylpentane. [4 Marks]

Assign possible structure with suitable reasons to an organic compound whose spectral
data is given below: [12 Marks]

EtOH
UV A 295 nm

lig.

IR Vma: 1715 (s), 2900-2700, cm™.

TH NMR: § 2.4 (2H, q), 2.09 (3H, s), 1.04 (3H, 1).

BONMR:  (proton noise decoupled) & 208.79, 36.80, 29.37, 7.86.
(off-resonance)  208.79, 36.80, 29.37, 7.86.

MS (% rel.): 72 (M" | 23%), 57 (9%), 43 (100%), 29 (18%).




Table L. Rules for the principal band of substituted benzene

derivatives R—C H,—COX
Orientation AEQH
' nm
Parent chromophore: .
* X = alkyl or ring residue 246
X=H 250
X = OH or OAlkyl - 230
Increment for each substituent : .
R = alkyl or ring residue o,m 3
' - - p 10
R = OH, OMe, OAlkyl o, m N
) ‘ 4 25
R=0" o 11
m 20
p 78
R =Cl o,m 0
14 10
R = Br o,m 2
P 15
R=NH, -~ o,m 13
p 58
R = NHAc o, m 20
. p 45
R = NHMe P 73
R = NMe, o, m 20
p 85

Table 8 Conjugated dienes and trienes (in ethanol);
Amax fOr ™ — «* transitions;

7

€max 6000-35 000 (X 1072 m? mol~1)

acyclic and heteroannular dienes
homoannular dienes
acyclic trienes

Addition for each substituent

—R alkyl (including part of a carbocyclic ring)
—OR alkoxy

~SR thioether

-~Cl, —Br

~-0OCOR acyloxy

~—CH==CH— additional conjugation

if one double bond is exocyclic to one ring
if exocyclic to two rings simultaneously

solvent shifts minimal

215 nm
253 nm
245 nm

5 nm

6nm

30 nm
5 nm
0 nm

30 nm

5 nm
10 nm




Table 3 af-Unsaturated carbonyl compounds (in ethanol); Amax for @ — o*

transitions; e, 4500-20 000 (X 10722 mol~!)

P T
ketones —C=C—CQ— acyclic or 6-ring cyclic 215 nm
5-ring cyclic 202 nm
[
aldehydes —C=C—CHO 207 nm
I
acids and esters —C=C—CO,H(R) 197 nm
Additional conjugation
f Y B a
|
—C=C—~C=C—CO— etc. add 30 nm

(If the second double bond is homoannular with the first, add 39 nm)

Addition for each substituens

@ B Y
R alkyl (including part of a carbocyclic ring) 10 nm 12 nm 17 nm
—OR alkoxy 35 nm 30 nm 17 nm
—~OH hydroxy 35 nm 30 nm 30 nm
—SR thioether : — 80 nm —
—Cl chloro I5 nm 12 nm [2 nm
~—~Br bromo 25 nm 30 nm 25 nm
—OCOR acyloxy 6 nm 6 nm 6 nm
—NH,, —NHR, —NR, amino — 95 om —
if one double bond is exocyclic to one ring 5 nm
if exocyclic to two rings simultaneously 10 am

Solvent shifts (see section 4.4)

17 nm
31 nm
50 nm

12 nm
25 nm
6 nm

Above values shifted o longer wavelength in water, and to shorter wavelengih in ‘less polar’

solvents. For common solvents the following corrections should be applied in computj

water T +8 nm
methanol 0

chloroform — I nm
dioxan -5 nm
diethyl ether —7 nm
hexane ~ 11 nm
cyciohexane —11 nm

Double bond endocyclic in 5 - or 7 - membered ring except

cyclopent-2-enone - +5 nm
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Table 4.1 Approximate Proton Chemical Shifts

Type of proton

Chemical shift, 5, ppm

1° Alkyl, RCH;

2° Alkyl, RCH,R

3° Alkyl, RsCHR,

Allylic, RZC:('Z*CHa
R

Benzylic, ArCH;
Alkyl chloride, RCH,CI
Alkyl bromide, RCH,Br
Alkyl iodide, RCH,I
Ether, ROCH,R
Alcohol, HOCH,R
Ketone, RCHCH,

('3[

Aldehyde, RCH
(@]

Vinylic, R,C=CH,
Vinylic, R,C=CH
- |
R

Aromatic, ArH
Acetylenic, RC=CH
Alcohol hydroxyl, ROH
Carboxylic, RcoOH

Il

(0]

Phenolic, ArOH

© Amino, R—NH,

08-1.0
1.2-14
1.4-1.7
1.6-1.9

22-25
36-3.8
34-36
3.1-33
33-39
33-40
2.1-26

95-9.6

4.6-5.0
52-57

6.0-9.5
25-3.1
0.5-6.0!
10134

45-7.7t
1.0- 5.0

"The chemical shifts of these groups vary in different solvents a

concentration.
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Table 4.2 Approximate Carbon-13 Chemical Shifts.

Type of carbon Chemical shift, §, ppm
1° Alkyl, RCH; 0-40
2° Alkyl, RCH,R 10 - 50
3° Alkyl, R;CHR, 15-50

Alkyl halide

or amine, —c’—~x <x =Cl Bror N ) 10 - 65
Alcohol or ether, 50 -90
Alkyne, —C= 60— 90
Alkene,  Se=— 100 - 170
ene, o 0
Aryl, (Q C— 100 - 170
Nitriles, ~C=N . 120 - 130
Anides, ﬁ—’(]~ 1\"— ) 150 - 180
0
carboxylic acids, esters, _‘L‘,_O 160 - 185
0
Aldehydes, ketones, _W@_ 182-215
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o CHART 1. The Carbon Skeleton -
Wavenumbers b
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400 em-!
L I‘-‘; T L . 1 . 1 T L 1 1 1 1 ] 1 1
3800 3400 3000 2600 2200
Subst. Pasterns
(i) AROMATIC COMPOUNDS !
- - . L Band at 700 cm ~!
wa "" "'= @ % may be absent
m
One band only may be seen, CoeC st Two or three bands only -
atx 3030 cm ™! " | may be seen s
,, | QL =7
. " @ s Very characteristic
( E
. e
! 3
.. : ,-,{ .
s
2].5 3i0 3;5 4‘.0 4;5 3].0 5i5 6;0 6i5 7i0 7i5 8‘.0 8‘.5 9;0 IIO Ill IIZrI'J Ih4l15' 1'7 II9 le |2.5 nm
Wavelength hanet
CHART 1. The Carbon Skeleton (cont’d)
Wavenumbers
400 3600 3200 2000 2400 3000 1800 lew 40 100 0w g 600 400 cmt
] 1 1 L 1 H 1
JBlrJO 342!) 3000 26‘00 2200
(ii) ALKANES AND ALKYL GROUPS
- CHy—. CH,CH,—. CH,CH,CH,~, etc.
5
A third band may be present (CH,);,CH~  Two a1 bands of equal intensity
8t 2850 cm ™" (1)
(CH;),C~  Characteristic m/s doublet
CHy CH, CH, CH,C=0 s Band very intense
—CH
Cyclapropanes
(iii) ALKENES
CH,==CH~ ]  mem
wim s s 5
—CHa . L]
s CH = CH CH=CH— (srans) - = , »
—~CH="CH— (cis) /_ = -~ (assignments not cergin) - - -
wjm
-
CHy=C ] ) % -
—~CH=c] - @m
wim s
C—Hdy lOm-nf-pllnc C-Ha]|
. {Conjugation lowersto | These bands show
(iv) ALKYNES %1610 =", Intensity increases) overtones st 2y
8 C=maC—H (terminal) @

19

171921 25 um

s € ZEC e $ —CenC— -wr inditinguisheble
w, often indistin,
-
2.5 3.0 15 40 45 50 5.5 60 [ 65 7.0/ 75 808590 10 f1 1213 1415
X, L Il 1 1 1 L i L L 1 1 1 1 I 1 i 1 L
Wavelength
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. CHART 2. Carbonyl Compounds

‘%;Bwrnumlien arbe -
1200 1600 800 600 400 cm
. i e e e o o L : : y ‘
T T
W0 s.w W | 20 2w
(i) ALDEHYDES AND KETONES (INCLUDING QUINONES)
Aldeby * Saturated aliphatic and [ [ RN SR
vdes M side-chain aromatic 5 [
/0 + Atyl and af-unsaturated a RS G (v O
— c\ C=Osr These blnd.l inch.lde
H OneorEes : but are of little diagnostic value
Ketones Saturated open-chain =
afi-Unsaturated ?
Monoaryl ’ The frequency of all these C=0 st bands
Diaryl ® is 10~20 cm ™! higher in solutions
0 bered g s Other bands occur below 1500 cm = but
----- - C/ 4Mem ring ketones ? these are of little diagnostic value: see
5-Membered ring ketones ? aldehydes (above)
§-Membered ring ketones [ ]
(and larger rings)
a-Diketones 28 J
— Enolic B-diketones Jm
(Enclic O—H s1r)
Quinones 2C=0 in same ring &8
— 2 C=0 in different rings s
0 °
K N .0 8.59. 1112 415 1719 21 25
2'5 Jlo 3;4 dlu 4l5 5(0 5;5 ’6;0 615 7lo 7l5 81 Hls 9i0 _;l 1 I|3 .I Ll t i Ll wm
Wavelength el
CHART 2. Carbonyl Compounds (con:’d)
Wavenumbers e
3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400cm™!
(] r L T 1 . L : L fl 1 ] ] f I —_ i L

T
38co 3400 3000 2600 2200

(ii) ESTERS AND LACTONES

Formates

5
Acetates a
o . .

/ Higher saturated acids ?
— o wB-Unsaturated k4

AN O a-Keto g -

. . B-Keto (enolic) G It is often difficult to
aturated 5-ring (y-) lactones assign C—O s1r with certainty.

ng=B

aB-Unsaturated y-lactones

By-Unsaturated y-lactones
Saturated S-ring (5-) lactones

Esters of aryl acids—not phenotic l

Many other strong bands
appear in this region

;]

J]

(iif) CARBOX YLIC ACIDS AND THEIR SALTS |

5
o MW !_rﬁ - Saturated aliphatic acids
/, [::] @f-Unssturated acids
- i s
*mc\ H-bonded ordlmer. ete. Kl Aryl acids
Qe gy

esters of aliphatic acids
Chelated aryl esters (e.g., salicylates)

. - g $
Setics of broad bands, 3000-2500 ca ™! @ Chelated acids (e.g., salicylic)
C=0 .rlr, C—OsirorO—H def
[e) .
PO, / ol 5 5
\ o~ CanBOXYLATE Amun—C: I
(o] ants symm ’
.5 3.0 35 4.0 45 50 5.5 60| 65 7.0 7.5 Bolss 9.0 10 il 12131415 171921 25 wm a
L e, A 1 n L 1 ] Il 1 1 1 1 i

Wavelength ot
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CHART 2. Carbonyl Compounds (cont'd)'

Wavenumbers po
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400 cm™'
T T ] i 1
3800 34'00 3000 26’00 2200
(iv) AMMONIUM SALTS OF CARBOXYLIC ACIDS
(o] —
C/ "'-/-' ? mjs
N
ONH, anti sym
() AMINO ACIDS (ZWITTERIONS ONLY) / \
(o) q L] = 0 - =
H,ﬂlnlnc/ = v i v wim mfs -1-
Other amino acids—see An:inu and Carboxylic Acids
(v) CARBOXYLIC ACID ANHYDRIDES
Saturated, acyclic ’ ‘- -:I
Z° —— Sringcyclic o fum s
“‘C\ Aryl or af-unsaturated, acyclic b om o
c ~ o Aryl or af-unsaturated, S-ring cyclic ; _— p—
(separation =60 cm "'
25 3 but may be 40-80 cm ™) .
. .0 35 4.0 4.5 50 5.5] 60 65 7.0 7.5/8.0 8.59 011 12 131415 1719 21 2% pm
Wavclength L L L ‘:. 1 ! 4 L n 1 L L | S S I I
CHART 2. Carbonyl Compounds (cont'd)
Wavenumbers b -
4000 3600 3200 28060 24[00 2000 .- 1800 1600 1490 lIIOO IOIOO 8([10 6{[)0 4?0 cm
H 1 1 1 L
T T
T
(vi) AMIDES (solid-state spectra)
il E
P C mfs
AN NH, (mssociated)
N-SUBSTITUTED AMIDES (solid-state spectra)
Secondary # & (usually one band predominates) o |
[} I (acyclic oaly)
N—~H str | (associated)
----- ¢ [
\ f (mainly C=0 str
NH - R and N—H def)
o]
Vi Tertiary
e < (solid or solution) ?
T
R
(vii) ACYL HALIDES b
0
P
—c :\’
Clete.
2.5 30 3.5 40 45 50 55 60| 65 70 75 808590 10 11 121314151719 21 25 pm
L 1 1 1 1 L ' L 1 L 1 ] 1 L 1 1 Lol ) | 1 I}
Wavelength B

9

<9




CHART 3.

Hydroxy Compounds and Ethers

Wevenumbers o
40}” 35|w 32.00 28]“) 24100 2000 IBPO |6|00 1400 1200 1000 800 6(|)0 400 cm™!
. r ] i L ]
I 3000 200 2200
(i) ALCOHOLS .
- - (Free O —H seen Primary alcohols - a Freg of these bands
;’,: Bonded oY dilute solutions) Secondary alcohols — — lowered on dilution
—OH “”"""-""") Tetiary alcohols  cmmes howsn
m’ | | €=0 st or O—H def (coupied) ]
(i) CARBOHYDRATES -—
Extremely intense, centered on 3300 em—! g Very many other strong
OH; s o X
(OH), Very broad band (spreading 3200-3400 - ) bands in this region
(iii) PHENOLS
o, p—— g
Free Bonded
Ar ~—~QH (sharp) (broad) C—0 str or O—H def (onuplem
[5e] |
(iv) ETHERS Saturated aliphatic ethers =
Alkyl aryl (and vinyl) ethers = ? ‘These absorptions arc
R oo O =R’ Diaryl cthers _ always very intense
Cyclic ethers (not epoxides) m
Epmudn
—O str
25 30 3.5 40 45 50 5.5 &0 6.5 7o 7.5 80[8.590 10 11 12131415 1719 21 25 um
S i i i ; N i
CHART 4. Nitrogen Compounds
w bers .
“:5‘6'0'“ 3600 3200 2800 2400 7000 1800 1600 1400 1200 1600 800 600 400 cm”!
1 1 1 1 1 3
3800 00 | 3000 w00 . 200
(i) AMINES
Py ey (s band often abuent) s
antil ™ Aryl NH, only
R -~ NH, e
Secondary m very w .
Aryl NH only
N [n-ha]
L] .
rewr o35 *
P R Aryl--N: only
I
Rovewrme N
C—Nsewr
R” -
Salts . " S
(Hydrobalides, ete) | W - e L
|
(i) IMINES AND ALDEHYDE- AMMONIAS
::C N emeen
{Very bmud) Aldehyde-2mmonias
S NH,
1.5 Jln ds 50 5.5 6;0 6.5 70 75 80 590 llﬂ il 12(131415 1719 21 25 um
1 s NI L1
Wav:lengm o:o )
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CHART 4. Nitrogen Compounds (conr’d)

Wevenumbers
4000

3500 3200 2800 2400 2000 1800

3800 3400 SO'M) 26‘00 22’00
(ifi) NITRO COMPOUNDS

= NO,

! Overall range
Aryl nitro compounds

(Not always soen)

(iv) NITRILES AND ISONITRILES
Nitriles
Isonitrites =8

~NZC —

T .
25 3.0 3;5 4'.0 dii S;O 5.5 60 )65/ 7.0 7.5/ 808590 10 11 12
Weveicagis L f L L A f

- CZ=N

—_—
CHART 5. Halogen Compounds
N
e i

- aai 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400 cm™?

1 1 1 1 1 1 1

T 1 T
3800 400 3000 2600 200

R—X

Alkcy! halides and aromatic side-chain halides Maonochloro

~
- - €Cl,, —CCl
(Al vibrations m ) P 25 s
AT e X Monobromo —
_CBry, —CBr, by
Aryl halides Monomdo ?
C~Br and C—1 s¢r below 400 cm ™! Aryl C—Q tr
25 30 15 40 45 50 55 60 65 70 75 808590 1o i 12’13 1415 71921 25 um
T i I n o L 1
Wavelength e
4
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CHART 6. Sulfur and Phosphorus Compounds ,

Wavenumbers o
4000 36‘00 32l00 2!200 24]00 zqoo lslllo l6|00 1400 1200 togo 890 600 400 em
B0 00 | 3000 0 20
MERCAPTAN.S, Ti-IIOPHENOLS » THIOLACIDS
—S—H | e
SULFIDES, DISULFIDES, THIOACIDS ﬁ W
—S§ ioaci Sulfides Disullides
SULFONIC ACIDS AND SALTS
e =
—OH (5] s
SULFONATE ESTERS 1_‘,- oo—
SULFATE ESTERS AND SALTS Diaryl and dialkyl esters e "
—080,0 — Salts of monoalkyl! esters
THIOAMIDES AND THIOUREAS
“C/S 'ﬁ (2 or more bands) n
%

SULFONAMIDES AND N-SUBSTITUTED SULFONAMIDES (solid samples)
,== (third band possible) Primary —SO,NH, BB

[
5
r {second w band possible) Secondary —SO,NH— ] o

e § e N m Tertiary ~SO,N] - | @ e

~ anti

25 L.O I 3;5 4;0 4;5 SZO S;S 6;0 6;5 7i0 7;5 8;0 ,ﬂl.59..0 10 11 12 131435 17 1921 25 um

Wavelengih

CHART 6. Sulfur and Phosphorus Compounds (cont'd)

‘"“2385“""‘ 3600 3200 2800 w0 00 1800 1600 1400 1200 1000 800 600 400 cmn !
L 1 1 1 1 T - i
W00 300 000 2600 | zze0
SULFONYL HALIDES . o
SULFOXIDES L
o
Vi
Nse=o N7
e - N .
SULFONES g s
AMINOSULFONIC ACIDS
HyN wie 505 RS o o) o | o
|
:AM!NE SULFATES s, - + = -
~ NH; HSO; N—H" str]| N—H* dof 5=0 sir
] e |
PHOSPHATE ESTERS Trialkyl es = |
0 Trinry! esters ] a1 ‘
O =P oo Q oo "
~No—
PHOSPHITE ESTERS Trialkyl esters
- Q= Triaryl esters = ‘
0P P—Aryl P—0—C vibrations |
™~ O smm | P—H sir , -Ary]
2.5 30 3.5 40 "' 45 S0 55 6.0 6.5[ 7.0 7;5 s;o lsl.s 9.0 IIO l.l 1213 l-usI 17 19 le 25 pm
1 i L ! i 1 1 L f N i W it
Wavelength rpo
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