Simulated IR spectra

Group 1 compounds: Functional group patterns are listed below. Match each structure with one of the 40
simulated IR spectra that follow. The wave numbers listed in each spectrum are intended to provide clues
as to what the functional group might be. Note your interpretation of what those numbers indicate right on
the spectra and write a structure (not a number) in the space provided at the right of each IR. Sulfides,
tertiary (30) amines and symmetrical alkynes all lack key diagnostic peaks and can appear similar to one
another and similar to simple alkynes. Limited mass spec data is provided to help distinguish these
possibilities (M+, M+1, M+2 peaks). Also, watch out for overtone bands (3200-3400 cm™) in carbonyl
compounds (C=0). They can be easily mistaken for an amine (N-H) or an alcohol (O-H).
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Group 2 compounds: C, H hydrocarbons = alkanyl (=R), alkenyl, alkynyl and aromatic. Answer similarly.
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Group 1 compounds: Functional group patterns are listed above (1-40). To the right of each IR draw the structure most
consistent with the given IR. Provide a minimal interpretation of the IR bands (e.g. 1° NH, stretch, C=0 stretch, para
substituted aromatic, monosubstituted alkene, etc.) Watch out for carbonyl (C=0) overtone bands.

1 %T

100— s  EXact Mass: 101.12
3370 M+ = 101.12 (100.0%),
3290 M+1 = 102.12 (6.9%)
1620
50 1380
1470 810
2960-2850
O TITT T I I It 1 1 11 1T 1T 1T 1T 11 1 1T T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
2 %T
100_ Exact Mass: 150.07
3430 M+ = 150.07 (100.0%),
M+1 = 151.07 (9.9%)
3060 1600 1390
50 —
1460
2960-2850 1720 1270 1110 200
(O I Y Y Y O B B B
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
3 T Exact Mass: 143.13
1007y M M+ = 143.13 (100.0%),
M+1 = 144.13 (9.0%)
3650
maybe 3280
50 — wet  C=0
overtone? 1370 1150
1260 1070
2070-2860 1650140
O [TTTTITITT I T T I I T I TT T 1 [ T I
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm’?
4 %T
100 Exact Mass: 134.05
3680 V M+ = 134.05 (100.0%),
M+1 = 135.05 (6.5%),
1380 M+2 = 136.05 (32.2%),
50 — M+3 = 137.05 (2.1%)
1470
2940-2860 1800 960 730 440
(T Y Y Y Y B B
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™?
5 %T
Exact Mass: 114.1
M+ = 114.10 (100.0%),
M+1 = 115.11 (7.8%)
3070 1650 1380
50 —
990
2960-2850 1470 1100 910
O TTIT I It T 1 11 171 1 1T 1.1 1 1 T T 1
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?
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6 %T

100 \/
3060
1380
50 —
1470

Exact Mass: 154.02

M+ = 154.02 (100.0%),
M+1 = 155.02 (8.8%),
M+2 = 156.02 (32.2%),
M+3 = 157.02 (2.8%)

2940-2860 1780 820
O TTTT I T It T 1 11 T 1T 1T T 11 [ 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm
7 %T
SpaUaUaiaUaUaNaWauWyl!
100 "W Exact Mass: 144.12
M+ = 144.12 (100.0%),
1360 M+1 = 145.12 (8.9%)
50 — 1020
1450 1080
2960-2850 1740 1190
(Ot I Y Y O T I I
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm’?
8 %T
100 Exact Mass: 158.09
M+ = 158.09 (100.0%),
M+1 = 159.10 (8.9%)
50 -
2980-2890
1820 1760 1040
e I O Y I Y T IO B [ 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
9 %T
_ Exact Mass: 136.05
100 V-u\/v\/ U
M+ = 136.05 (100.0%),
M+1 = 137.06 (8.8%)
50+ 3070 3300-2500
1695 1290 820
O TTTI T T It It T 1 1.1 T 1T 1T T 117 1T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
10 %T
lOO_N\J‘U\nﬁ W\I\/W Exact Mass: 129.12
M+ = 129.12 (100.0%),
M+1 = 130.12 (7.8%)
1380
50
080 1550 1470 1240 690
3300 2960-2860 1650
O Y O Y Y O B [ T 1
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm™
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11 %T
100V s | Exact Mass: 97.09
M+ = 97.09 (100.0%),
M+1 = 98.09 (6.9%)
1380 730
50 2250
1470
2970-2850
0 rrrrorrrrerrrrrrrrrrr 1T 1 117 T 17 T 17 17 17 17 1T 1771
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
12 %T
100 i Exact Mass: 136.09
W\/VUV M+ = 136.09 (100.0%),
2070 oo |[138 M+1 = 137.09 (9.8%)
50 3310
2960-2850 1470 1070 750
O TTITI T I I T IrI It 111 T T 1T T 11T T 1T T T1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm®
13 %T
100 LI\I\MI\\/JW N Exact Mass: 134.07
3410 M+ = 134.07 (100.0%),
2820 M+1 = 135.08 (9.9%)
3060 2740 1400
50 —
1600 1460
2960-2850 1700 830
0 rrrrrrrrrrrrrrrrrrrr T 11 T T 11Tl
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
14 %T
100—rnnnn Exact Mass: 115.1
\[U M+ = 115.10 (100.0%),
M+1 = 116.10 (6.9%)
50 | 1380
1420 640
3640 5g5 2960-2860 1660 1630
0 rrrrrrrrerrrrrrrrrrr T 1 11 T T 11Tl
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
15 %T
100 jrun Exact Mass: 106.04
3410 2820 M+ = 106.04 (100.0%),
50 —
3060 1600 1460 680
650
2960-2850 1700 830 790
0 rrrrprrrrrrrrrrrrerr T T T T
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cmt
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16 %T

100 ‘“"-"‘N‘V Exact Mass: 114.1
3410 M+ = 114.10 (100.0%),
M+1 = 115.11 (7.8%)
1
112
50 — 0
2960-2850 1720
O TTTrIqr It 1111 17T 1 1T 11 1T 1 T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?!
17 %T
100V Exact Mass: 131.07
M+ = 131.07 (100.0%),
3070 M+1 = 132.08 (9.8%)
1410
50 —
2950-2870 1610 1510
2230 820 550
O TTTI T I I I It 1 1 117 T 1T 1T 1T 1 1T 1T 1T T T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
18 %T
100 M\/ WVV Exact Mass: 96.06
3500 M+ = 96.06 (100.0%),
(wet) 3030 M+1 = 97.06 (6.6%)
50 1620
2960-2850 1685
O TIITq I I Ittt 1 11 1 1T 1T 1717 11 1T 1 T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
19 %T
100 W‘\/ Exact Mass: 100.09
3410 - M+ =100.09 (100.0%),
5750 1390 M+1 = 101.09 (6.5%)
112
50 — 0
1470 730
2960-2850 1730
O TTTITII I IrI It 11 11 1T 1T 1 1T 11 1T 1T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
20 %T
100 n Exact Mass: 100.09
\/"“M M+ = 100.09 (100.0%),
1380 660 M+1 = 101.09 (6.5%)
50 — 3340
2960-2850 1470 1050
L Y I Y Y Y B I I
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm!
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Exact Mass: 152.07

M+ = 152.07 (100.0%),
M+1 = 153.07 (10.7%),
M+2 = 154.06 (4.5%)

21 %T
10—V
2560
3070
1410
50 — 850
2950-2870 1600 1510 760
700
U T T Y O O Y Y Y O B |
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™*
22 %T
100—
3070 1640 1380
50 — 3320
2960-2850 1470 1070
0||||||I|||||||||||l||||||||||||||| |
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm™

Exact Mass: 100.09

M+ = 100.09 (100.0%),
M+1 = 101.09 (6.5%)

=TT

Exact Mass: 134.07

M+ = 134.07 (100.0%),
M+1 = 135.08 (9.9%)

2960-2850 1690 1220 750 690
0 NI Y Y T R I
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
24 %T
100—"‘“"”‘“"‘”\/ Exact Mass: 152.07
2560 wwv\/ M+ = 152.07 (100.0%),
3070 M+1 = 153.07 (10.7%),
50 1410 M+2 = 154.06 (4.5%)
2950-2870 1600 1510 760
700
O TITT T I It I 1 1 1 T 1T 17 T 1.1 1 11 |
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
25 %T
100—‘NWWWV\/ o Exact Mass: 136.09
3060 M+ = 136.09 (100.0%),
3040 M+1 = 137.09 (9.8%)
50 —
2060-2850 1870
1050
1600 1500 . 750
0 T L T Y Y T O Y I
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm™t
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26 %T

Exact Mass: 110.02

M+ = 110.02 (100.0%),
M+1 = 111.02 (7.3%),
M+2 = 112.01 (4.5%)

loo_mmumnnfwv'\m.r\r\f\/ AU

2580

3070
1410
50 —
1610 1510 760
690
LU T I T T T T I B
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?

27 %T

50 — 1380
1470

Exact Mass: 129.15

M+ = 129.15 (100.0%),
M+1 = 130.16 (8.9%)

2960-2850
O TITIIr T I Tt 1 1 1 17 T 1T 1T T 11 T 1 T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
28 %T
100NNV Exact Mass: 138.05
V 2560 M+ = 138.05 (100.0%),
3070 M+1 = 139.05 (9.5%),
1410 M+2 = 140.05 (4.6%)
50 —|
2950-2870 1610 1510
810 550
O TTTI I I T I T I I 1T 1 117 T 1T 1T T 11 T 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
29 %T
100V Exact Mass: 122.07
M+ = 122.07 (100.0%),
M+1 = 123.08 (8.8%)
50 —|
1600
2920
3025
3300 1515 o0 815
T L T O I O O Y Y R B B B
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm*
30 %T
100 rvvnng U Exact Mass: 152.07
M+ = 152.07 (100.0%),
3070 M+1 = 153.07 (10.7%),
1410 M+2 = 154.06 (4.5%)
50 |
1590 1510 760
2960-2850 690
O TTTI T I I T I T I It 1T 1 1T 1T T 1T 1T T 11 [ I
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?!
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31 %T

(UpUaNaWaiguaWyWaWy i
100 V "W “’Vm Exact Mass: 178.1
3050 1600 M+ =178.10 (100.0%),
1380 M+1=179.10 (12.0%)
50 —
1470 760
1140
2960-2850 1765 1200 690
O TITTI I It 1 11 T T 1 T 1.1 1 1T T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm’?
32 ot
100— LV iy Exact Mass: 152.07
V VVVZZO M+ = 152.07 (100.0%),
3070 M+1 = 153.07 (10.7%),
- 1410 M+2 = 154.06 (4.5%)
2950-2870 1590
740
O rTTTrqrrIrrrrrIT Tt 1 17 11 T 1T 1T 1T 1717 1T 1T T T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm’?
33 %T
1007 Exact Mass: 129.15
3290 M+ = 129.15 (100.0%),
M+1 = 130.16 (8.9%)
50 — 1380
1470 1380
725
2960-2850
O TTTIT T I I TI It 1.1 11 T 1T 1T 1T 11 1T 1 T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
34 %T
100 Y VNV“’WW Exact Mass: 100.13
720 M+ = 100.13 (100.0%),
1370 M+1 = 101.13 (7.8%)
50 —
2960-2850 1450
0 rrrrrrrrrrrrrrrrrrrr T Tt 11T
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
35 %T
100 Exact Mass: 100.09
ANWUWV M+ = 100.09 (100.0%),
= 0,
2070 oo |]1380 M M+1 = 101.09 (6.5%)
50— 3340
990
2960-2850 1470 1060 910
O TTITTII I I I It 1111 1T T 1T 1T 1.1 1 1 T 11
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm!

y:\files\classes\spectroscopy\IR\IRs simulated from database probs.doc



36 %T

vuvuvuvuuvuvuuun
100 Exact Mass: 130.14
M+ = 130.14 (100.0%),
1380 M+1 = 131.14 (8.9%)
50 —
2960-2850 1460 1120
0 rrrrrrrrrrrrrrrrrrrr 110 1 17 T T 10 T 1017 1 17 T T°71
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
37 %T
100 vviinan s VVWN\/(WWV‘ Exact Mass: 117.08
M+ = 117.08 (100.0%),
M+1 = 118.08 (5.9%)
50 —
2940-2980 1380
1560
0 rrroeyrrrerrrrrrrrrrr T 1 Tl
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™!
38 %T
100 — Uy Exact Mass: 123.03
M+ = 123.03 (100.0%),
M+1 = 124.04 (6.6%)
2860
50 —
3080 1620
1520 1350 710 680
0 rrrryrrrrrrrrrrrrrr 1T 1 T T T
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™!
39 %T
1001 Exact Mass: 116.08
3300-2500 M+ = 116.08 (100.0%),
M+1 = 117.09 (6.7%)
50 —
1410 1290
2860 1250
2970 1710
O TTTTITTIT I T T ITIT T b1 1 17 T 171
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
40 %T
100 Exact Mass: 93.06
M+ = 93.06 (100.0%),
M+1 = 94.06 (6.6%)
50 —
3430
0 rrrrrerrrrrrrrrrirrr 11 01T T T
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm!

y:\files\classes\spectroscopy\IR\IRs simulated from database probs.doc



Group 2 compounds: C, H hydrocarbons = alkanyl (=R), alkenyl, alkynyl and aromatic patterns are listed above (1-20). To
the right of each IR draw the structure most consistent with the given IR. Provide a minimal interpretation of the IR bands

(e.g. para substituted aromatic, monosubstituted alkene, etc.)

1 %T
100 \[lvmnw V ICAAAY
1600 1375 \/\/
50 2120 1385 760
3300 3050 1470 690 620
2960-2850
0 rrrryrrrrrrrrrrrrrrr T 1 1 1 T 1T 1 1 1 T T
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?

2960-2850
O TTIT I Ittt 1.1 117 T T 1T T 1T 1 T 1T T T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
3 %T
3050 2100 1600 1375
. 1385 750
1470 690
2960-2850
O TITI I TI T I T It 1T 1 117 T T 1T 1T 11 1T 1T T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cmt
4 %T
3010 1665
1375
50 —| 1385 710
1470
2960-2850
O TTTI I TI T It 11 117 T T 1 1T 11 1 1 T 11
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™*
5  %T
1600
3090
50+ 3050
1470 670
(I Y Y Y Y Y I
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?
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6 %T

100N
1675
50 —
1470

2960-2850

0 TTTT T T T T I T T T T I rIT 1T 1 1 71 T 1

4000

3500

3000 2500 2000 1500
v = wavenumber = cm?

T %T

100Ny |,
1370
50 —

2960-2850 1450
O TTTTII I T I i T T 1 1 1 T T 1 T 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
8 %T
100
50 —
2960-2850 650
O I O Y Y Y IO T 1 T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
9  %T
100 VUL ’V\/-"'-’V
3050
para
3020 substituted ™0 1375
50 — aromatic
overtones 1455 1060
545
2960-2850 1515 830
O T O Y Y I (N .
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
10 %T
100
3080 1640 725
1375
50 | 1385 995
1470 910
2960-2850
O I Y Y T Y I (L T 1
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm™
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2960-2850 650

0 rrrrprrrrrrrrrrrrrrr 11 1 T 1T 10 17 11 1 17 T 171
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm?
12 %T
100
1680 1370
50— 1385
1470 840
2960-2850
0 rrrryrrrrrrrrrrrrrrr T 1 1 T T 1T T
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm!
13 %T
3090 V
3030 monosubstituted 1375
50 | aromatic 1385
overtones 1604 1470
2960-2850 S
0 FTrrprrrrrrrrrrrr T 1T 0 11 T T 1 T 1010 1 17 T 1T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™
14 %T
3090 V
3030 monosubstituted 1375
50 | aromatic 1385
overtones 1504 1470
2960-2850 960 %0 | 600
0 rrrryrrrrrrrrrrrr T T 0 0 1T 1 T 11 17 17 T 171
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm!

3100 meta V
substituted
3020 aromatic 1320
50 — overtones
1610 1499
2960-2850 1455

O rTTrrprIrrrrrr I T 1 11 1T 1T 1T 1T 1T 1 11T 1T 11
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm!
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16 %T
3100 ortho
substituted
3020 aromatic 1605 1375 1060
50 — overtones 1490
2960-2850 1450 750
O TTII T T Ittt 1 1 1 1 T 1T 1 1T 11 1T 1T T T1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cmt
17 %T
100
50 —|
3080 1640 14901385 910 740
3300 1600
700
U O Y R B B B B
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm’?
18 %T
3080 740
50 — 1380
1460 970
2960-2850
O TTITIqI It 1 11 1T T 1T 1T 11 1 1 1T T 1
4000 3500 3000 2500 2000 1500 1000 500
v = wavenumber = cm™*
19 %T
100N NN Exact Mass: 96.09
M+ = 96.09 (100.0%),
50 1385
1470
2960-2850 650
O TTIT T T It T It 1 1 1 1 T 1T 1 T 1.1 1 1 T T 1
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?

20 ot
100 W"V\'VV\'\/ N\:\/V
2960
50 — 2850
3060 1660 1490
3030 1600
700

O [TTTI (T ITTII I T I I IT T I T T 1 1T 71 1
4000 3500 3000 2500 2000 1500 1000 500

v = wavenumber = cm?
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Formula problem 1

Exact Mass: 277.01

M+ = 277.01 (100.0%),
M+1 = 278.01 (14.5%),
M+2 = 279.01 (97.5%),
M+3 = 280.01 (14.2%),

M+4 = 281.01 (1.1%)

Formula problem 2

Exact Mass: 330.08

M+ = 330.08 (100.0%),
M+1 = 331.09 (20.8%),
M+2 = 332.08 (38.9%),
M+3 = 333.08 (7.8%),
M-+4 = 334.08 (1.5%)

Formula problem 3

Exact Mass: 262.14

M+ = 262.14 (100.0%),
M+1 = 263.14 (12.3%),
M+2 = 264.13 (6.0%),
M+3 = 263.13 (1.5%),

Hints:

1. What does the odd mass tell you?

2. What does the M+1 tell you?

3. What does the M+2 tell you?

4. There are 12 H in the proton NMR.

5. There are 13 C in the C-13 NMR.

6. There are 5 pi bonds in the C-13 NMR.

Hints:

1. What does the even mass tell you?

2. What does the M+1 tell you?

3. What does the M+2 tell you?

4. There are 19 H in the proton NMR.

5. There are 19 C in the C-13 NMR.

6. There are 6 pi bonds in the C-13 NMR.

Hints:

1. What does the even mass tell you?

2. What does the M+1 tell you?

3. What does the M+2 tell you?

4. There are 22 H in the proton NMR.

5. There are 11 C in the C-13 NMR.

6. There is 1 pi bonds in the C-13 NMR.
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Questions:

What is the molecular formula?

How many degrees of unsaturation are there?
How many rings and pi bonds are there?

Questions:
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How many rings and pi bonds are there?

Questions:

What is the molecular formula?

How many degrees of unsaturation are there?
How many rings and pi bonds are there?




