Structural Elucidation: Infrared (IR) Spectroscopy
CHEM 8B Chapter 16 Homework

1. Consider the equations below with variables defined.

A - wavelength (distance, m)
v - frequency (cycles per second, s™)

c - speed of light, 3x 108 m /s

VA=C

= —_—

1
Wavenumber, A

yC

What is the relationship between wavenumber and frequency? Circle one.

Proportional

Inversely proportional

2. Provide examples of a bond that would absorb in each region below (ex. O-H, C=C). Draw one example

—

of bonded atoms in each box below.
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3. Bond length and stretching frequency
= Which has a longer bond? Circle one. O-H / C=0

= Which has a higher stretching frequency (wavenumber)? Circle one.

ong | C=N |Nitrile

2210-2260 | Me
2100-2260
s | 1680-1750 | Strong

1730-1750 | Strong

1710-1780 | Strong
Amide 1630-1690 | Strong

Alkene 1620-1680

1450-155

C-H

= Which C=0 bond has a lower stretching frequency (wavenumber)? Circle one.

A
Caw\yo“ﬂ‘xs O

N

0]

Ch 16 HW — p1



3. Conjugation - Resonance
Used curved arrow notation and draw ONE resonance structure of the compound below. Be sure to include all

charges on atoms where appropriate!
®©

O

4. Predict Peaks: Use Table 16-1 Characteristic Frequencies of IR absorption to list the expected bond

absorbance range (cm™) in its IR spectrum.

(a) The C=0 bond in absorbs 1680 — 1750 cm™”_(worked example)

~I
(b) The O-H bond in Tetrahydrocannabinol (THC) 5‘;200-5600 Cn

CF istic Fi ies of AL —— o
Stretching Modes of Vibration
Type of Frequency Type of Frequency
Bond | Compound Class | Range (cm~) | Appearance® | Bond | Compound Class | Range (cm™*) | Appearance®
Alcohol and phenol | 3200-3600 | Broad, strong | C==N |Nitrile 2210-2260 | Medium
o | v ' | , OH O
| Carboxy acid 2500-3200 | Broad, strong | C==C |Alkyne 2100-2260 | Variable
Amine 3300-3500 | Medium | Ketones/aldehydes | 1680-1750 | Strong N
= | ] | | I |
| Amide 3350-3500 " | Medium lEslevs 1730-1750 | Strong OH
! - | c=o0 I
Alkane 2800-3000 | Variable | carboxylic acid 1710-1780 [snong
Alkene 3000-3100 Weak ‘ Amide 1630-1690 | Strong
| | | =y HO =0
Alkyne ~3300 |Strong Alkene 1620-1680 | Variable | =
! ] I c—c I ]
Aldehyde 2720 and 2820 | Strong. Aromatic 1450-1550 | Variable 80 —(
C—0 | Alcohol, ester, ether| 1050-1150 | Medium \ 7 | O - ‘7 =

rong (%T near %), medium (%T near 50%), or weak (%T near 100%); absorptions that are labeled as variable have intensities
characterized as broad if the range is greater than ~200 cm.

Cannabigerolic Acid

(c) The carboxylic acid (O-H and C=0) bonds in (CBGA) o-H  2500-3200cn]

(0]
=
(d) The N-H bonds in HzNJJ\/\ 5350’5500 o

a. How many N-H peaks are expected for the compound above? Circle one.
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5. Match spectrum to molecule: Which molecule best fits the IR spectrum?
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6. Propose TWO possible structures that fit the molecular formula C7HsO and the IR spectrum below.

O'r\ 100 _© Sigma-Aldrich Co. LLC. Used with permission of Sigma-Aldrich Co. LLC.
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(a) What oxygen-containing functional group does the compound have? QIC,O I’\O’Q

( 0 y es o aturati al pi bgn diat ri es this struc e?

(c) Draw two proposed structures for C7HsO, one in each box. H—(vﬂ' Cnvlecule Was o b-pnentd ,,;,j_

CHs
OH |

OH
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7. Structure elucidation in a chemical reaction, using IR and Mass Spec data analysis of the product. Answer
the prompts below to help confirm the structure of a reaction product. ‘ E

(a) The mass spectrum of the product in the reaction below displays a M* peak = 158.

What is the molecular the molecular formula of the product? CIl I/{ [N O

(b) The IR spectrum displays a broad, strong signal at 3250cm™.
What is the most likely functional group in the product? a[(/dL'\A)/Q

(c) Draw the structure of the product in the box.

oH
H20 \

H,SO,

7. Structure elucidation in a chemical reaction, using IR and Mass Spec data analysis of the product. Answer
the prompts below to guide you to the structure of the reaction product.

(a) The mass spectrum of the product in the reaction below displays a M* peak = 82.

What is the molecular the molecular formula of the product? CL /’/10

(b) The IR spectrum displays a medium-strength signal at 1627 cm™.

What is the most likely functional group in the product? C{,/keﬂe

(d) Circle the major product of the reaction based on the spectroscopy data above.

/W NaOH P or /Y\/
Br A OH
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