Textbook Assignment: Chapter 14- Mass Spec
Homework (for credit): POW 2 posted
Today’s Topics: NMR-examples- Begin Mass Spec
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13C-NMR Spectroscopy

e Each nonequivalent 13C gives a different signal

— a 13C signal is split by the 1H bonded to it according to
the (n + 1) rule

— coupling constants of 100-250 Hz are common, which
means that there is often significant overlap between
signals, and splitting patterns can be very difficult to
determine, so:

» The most common mode of operation of a
13C-NMR spectrometer is a hydrogen-
decoupled mode, which results in singlets.




 In a hydrogen-decoupled mode, a sample
IS Irradiated with two different radio
frequencies
— one to excite all 13C nuclei

— a second broad spectrum of frequencies to
cause all hydrogens in the molecule to
undergo rapid transitions between their
nuclear spin states.

e On the time scale of a 13C-NMR spectrum,
each hydrogen is in an average or
effectively constant nuclear spin state, with
the result that tH-3C spin-spin interactions
are not observed; they are decoupled.

— hydrogen-decoupled 13C-NMR spectrum of
1-bromobutane
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— hydrogen-decoupled 13C-NMR spectrum of
Ethyl Acetate
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— hydrogen-decoupled 13C-NMR spectrum of
Ethyl Benzene
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Chemical Shift - 13C-NMR

Type of Chemical Type of Chemical
Carbon Shift (d) Carbon Shift (d)
RCH3 10-40 —
RCH,R 15-55 \ \Olm 110-160
R CH 20-60 5
RCHa | 0-40 RCOR 160 - 180
RCH, Br 25-65 o

1
RCH, Cl 35-80 RCNR, 165 - 180
R3; COH 40-80 0O

I
R3 COR 40-80 RCCOH 165 - 185
RC=CR 65-85 m__u mu
R, C=CR, 100-150 RCH, RCR 180 - 215

Chemical Shift - 13C-NMR
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Interpreting NMR Spectra

» Alkanes
— H-NMR signals appear in the range of d 0.8-1.7
— 1BC-NMR signals appear in the considerably wider
range of d 10-60

» Alkenes

— H-NMR signals appear in the range d 4.6-5.7

— 'H-NMR coupling constants are generally larger for
trans vinylic hydrogens (J= 11-18 Hz) compared with
cis vinylic hydrogens (J= 5-10 Hz)

— 13C-NMR signals for sp? hybridized carbons appear in
the range d 100-160, which is downfield from the
signals of sp? hybridized carbons

e Alcohols

IH-NMR O-H chemical shifts often appears in

the range d 3.0-4.0, but may be as low as d 0.5.

— H-NMR chemical shifts of hydrogens on the carbon
bearing the -OH group are deshielded by the

electron-withdrawing inductive effect of the oxygen
and appear in the range d 3.0-4.0

» Ethers

— a distinctive feature in the 'H-MNR spectra of ethers
is the chemical shift, d 3.3-4.0, of hydrogens on
carbon attached to the ether oxygen




— IH-NMR spectrum of 1-propanol (Fig. 13.34)
— An example of the hydroxyl (alcoholic) proton

« Aldehydes and ketones

— H-NMR: aldehyde hydrogens appear at
d9.5-10.1

—1H-NMR: a-hydrogens of aldehydes and
ketones appear at d 2.2-2.6

— BBC-NMR: carbonyl carbons appear at d
180-215

e Amines

— 1H-NMR: amine hydrogens appear at d 0.5-
5.0 depending on conditions




» Carboxylic acids
— IH-NMR: carboxyl hydrogens appear at d10-13,

— 13C-NMR: carboxyl carbons in acids and esters
appear at d 160-180
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Mass Spectrometry (MS)

e An analytical technique for measuring the
mass-to-charge ratio (m/z) of ions in the
gas phase

— mass spectrometry is our most valuable
analytical tool for determining accurate
molecular masses

— also can give information about structure
— proteins can now be sequenced by MS




Mass Spectrometry (MS)




A Mass Spectrometer

A mass spectrometer is designed to do

three things

1. convert neutral atoms or molecules
Into a beam of positive (or negative)
lons

2. separate the ions on the basis of their
mass-to-charge (m/z) ratio

3. measure the relative abundance of
each ion

A Mass Spectrometer

e Electron lonization MS

—in the ionization chamber, the sample is
bombarded with a beam of high-energy
electrons

— collisions between these electrons and the
sample result in loss of electrons from sample
molecules and formation of positive ions
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Molecular ion (M): a radical cation formed
by removal of a single electron from a
parent molecule in a mass spectrometer

It does not matter which electron is lost;
radical cation character is delocalized
throughout the molecule; therefore, write
the molecular formula of the parent
molecule in brackets with

—a plus sign to show that it is a cation

— a dot to show that it has an odd number of
electrons

—at times, however, it is useful to depict
the radical cation at a certain position in
order to better understand its reactions
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