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INTRODUCTION:
THE HIDDEN
SIGNATURES IN
YOUR NMR
SPECTRUM

Nuclear  Magnet ic
Resonance  (NMR)
spectroscopy stands as
o n e  o f  t h e  m o s t
powerful  and  versatile
analytical  tools  in  the
chemist's  arsenal.
W h e t h e r  y o u  a r e

e l u c i d a t i n g  t h e
structure  of  a  novel
n a t u r a l  p r o d u c t ,
confirming  the  identity
o f  a  s y n t h e t i c
i n t e r m e d i a t e ,  o r
assessing the purity of
a  final  compound,  the
NMR spectrum offers  a
wealth  of  information.
However, alongside the
peaks  of  your  target
molecule,  a  spectrum
almost  invar iab ly
contains  signals  from
substances  that  were
not  i n ten t iona l l y
added.  Among  the
most  common  and
persistent  of  these
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unwelcome guests are
trace  amounts  of  the
laboratory  solvents
used during synthesis,
w o r k u p ,  a n d
purification.
Understanding  the
nmr  chemical  shifts
o f  c o m m o n
laboratory  solvents
as trace impurities is
not merely an exercise
in  academic  curiosity;
it is a fundamental skill
for  every  practicing
chemist.  Misidentifying
a residual solvent peak
can lead to erroneous
structural assignments,
inflated  purity  claims,
and  wasted  hours  of
troubleshooting.  This
art ic le  prov ides  a
comprehensive  guide
t o  r e c o g n i z i n g ,
in terpret ing ,  and
m a n a g i n g  t h e s e
ubiquitous  spectral
artifacts,  empowering
you to read your NMR
spectra  with  greater
confidence  and

precision.

WHAT ARE NMR
CHEMICAL SHIFTS
AND WHY DO
SOLVENT
IMPURITIES
APPEAR?

Before  div ing  into
specific  values,  it  is
essential  to  grasp the
physical  phenomenon
at  play.  A  chemical
shift, reported in parts
per  mi l l ion  (ppm),
d e s c r i b e s  t h e
resonance frequency of
a nucleus relative to a
standard  reference,
t y p i c a l l y
t e t r a m e t h y l s i l a n e
(TMS)  for  1H  and  13C
NMR. This frequency is
exquisitely sensitive to
t h e  e l e c t r o n i c
e n v i r o n m e n t
s u r r o u n d i n g  t h e
nucleus.
Solvent  impurit ies
appear in NMR spectra
for a simple reason: no
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purification  method  is
p e r f e c t .  A  s m a l l
amount of the solvent
used for a reaction or
extraction  can  remain
trapped  in  the  final
product, especially if it
has a high boiling point
o r  f o rms  a  s tab le
s o l v a t e .  D u r i n g
workup,  solvents  like
e t h y l  a c e t a t e ,
dichloromethane,  or
d ie thy l  e the r  a re
frequently  used  and
can  persist  as  trace
contaminants.  When
this  slightly  impure
sample is  dissolved in
a  deuterated  NMR
solvent (such as CDCl3,
DMSO-d6,  or  CD3OD),
the  res idua l  non -
deuterated  solvent
molecules  become
v i s i b l e  a s  s h a r p ,
characteristic peaks in
the spectrum.
Recognizing  these
peaks  is  critical.  The
nmr  chemical  shifts
o f  c o m m o n

laboratory  solvents
as  trace  impurities
fol low  predictable
patterns, but they can
vary slightly depending
on  the  concentration,
the deuterated solvent
u s e d ,  a n d  t h e
temperature  of  the
experiment.

THE MOST
FREQUENT
CULPRITS: A DEEP
DIVE INTO
COMMON SOLVENT
PEAKS

Proton
NMR (1H
NMR) in
Deuterat
ed
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Chlorofor
m (CDCl3)
Deuterated  chloroform
is the most widely used
NMR  solvent,  and  a
substantial  body  of
reference  data  exists
for  impurity  peaks  in
this  medium.  When
examining  a  1H  NMR
spectrum  acquired  in
CDCl3,  several  solvent
impurities are routinely
encountered.

Water (H2O):
Perhaps the most
universal
impurity. In
CDCl3, residual
water typically
appears as a
broad singlet
around 1.5 – 1.6
ppm. The exact
shift is highly
concentration-
dependent; in
very dry

samples, it can
move upfield,
while in wet
samples, it
broadens and
shifts downfield.
Do not confuse
this with a
hydroxyl or
amine proton
from your
compound.
Dichlorometha
ne (CH2Cl2): A
workhorse
solvent for
extractions and
chromatography.
It gives a sharp,
unmistakable
singlet at
approximately
5.30 ppm in
CDCl3.
Ethyl Acetate
(EtOAc):
Extremely
common after
column
chromatography.
Its characteristic
pattern includes
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a quartet for the
OCH2CH3 group
near 4.12 ppm,
a sharp singlet
for the CH3C=O
group at 2.05
ppm, and a
triplet for the
OCH2CH3 group
around 1.26
ppm. The methyl
singlet at 2.05
ppm is often the
most diagnostic
and least
overlapped
signal.
Diethyl Ether
(Et2O): Another
frequent
contaminant
from extractions.
It displays a
quartet for the
OCH2CH3 groups
near 3.41 ppm
and a triplet for
the OCH2CH3

groups around
1.21 ppm.
Acetone
((CH3)2CO):

Used for rinsing
glassware and in
some purification
protocols. Its
residual peak is a
singlet at
approximately
2.17 ppm in
CDCl3.
Acetonitrile
(CH3CN): A
common HPLC
solvent. It gives a
sharp singlet for
the methyl group
at roughly 2.10
ppm in CDCl3,
very close to the
acetone peak
and the ethyl
acetate methyl
peak. Careful
inspection of
coupling patterns
is needed to
differentiate
them.
Dimethyl
Sulfoxide
(DMSO): Often
used as a
reaction solvent
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but difficult to
remove
completely. In
CDCl3, residual
DMSO appears
as a singlet at
approximately
2.62 ppm.
Methanol
(CH3OH): A
common protic
solvent. In CDCl3,
the methyl group
appears as a
singlet at about
3.49 ppm, and
the hydroxyl
proton appears
as a broad, often
featureless peak
that can vary
from 1.5 to 2.0
ppm depending
on concentration
and temperature.
n-Hexane /
Petroleum
Ether: These are
complex
mixtures of
alkanes. They
appear as a

series of
overlapping,
often unresolved
multiplets in the
aliphatic region
(roughly 0.8 –
1.6 ppm),
making them
difficult to
distinguish from
your compound's
alkyl chain
signals.

Proton
NMR in
Other
Deuterat
ed
Solvents
The  nmr  chemical
shifts  of  common
laboratory  solvents
as  trace  impurities
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are not fixed; they shift
depend ing  on  the
deuterated  solvent  in
which  the  sample  is
dissolved. Being aware
o f  these  so lven t -
dependent  changes  is
crucial.

In DMSO-d6:
The residual
water peak shifts
downfield
significantly,
often appearing
between 3.3
and 3.4 ppm,
which can
obscure signals
from NH2 or OH
groups.
Dichloromethane
shifts to about
5.76 ppm, ethyl
acetate signals
appear at
approximately
4.03 ppm (q),
1.99 ppm (s),
and 1.17 ppm
(t), and acetone
appears at 2.09

ppm.
In Deuterated
Methanol
(CD3OD): The
residual water
and methanol
hydroxyl peaks
exchange
rapidly, forming
a combined
broad peak often
around 4.8 – 4.9
ppm. This can
mask the region
where many
anomeric protons
appear. Acetone
in CD3OD is
found near 2.15
ppm, and
dichloromethane
near 5.49 ppm.
In Deuterated
Acetone
(Acetone-d6):
Water appears
around 2.8 – 2.9
ppm.
Dichloromethane
is at
approximately
5.63 ppm, and
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ethyl acetate
signals are near
4.05 ppm (q),
1.97 ppm (s),
and 1.20 ppm
(t).

CARBON NMR (13C
NMR) IMPURITY
PEAKS

While 1H NMR is more
sensitive  and  often
u s e d  f o r  p u r i t y
assessment,  13C  NMR
spectra  also  contain
solvent impurity peaks.
These  are  generally
less intense due to the
l o w e r  n a t u r a l
abundance of  13C,  but
t h e y  c a n  b e
informative,  especially
when  1H  signals  are
crowded.

Dichlorometha
ne: A single peak
near 53.1 – 54.0
ppm in most
solvents.
Ethyl Acetate:
Peaks at

approximately
170.5 ppm
(C=O), 60.2
ppm (OCH2),
20.5 ppm
(CH3C=O), and
14.1 ppm
(CH3CH2).
Acetone: Peaks
at about 205.0
ppm (C=O) and
30.5 ppm (CH3).
Acetonitrile:
Peaks at roughly
117.7 ppm (CN)
and 1.7 ppm
(CH3).
Dimethyl
Sulfoxide:
Peaks at about
40.5 ppm (CH3).
Diethyl Ether:
Peaks at about
66.0 ppm
(OCH2) and 15.0
ppm (CH3).
Methanol:
Peaks at about
49.5 ppm (CH3).
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FACTORS THAT
INFLUENCE THE
CHEMICAL SHIFTS

OF IMPURITIES

Re ly ing  so le ly  on
memorized values can
l e a d  t o
misidentification.
Several  factors  can
c a u s e  t h e  n m r
chemical  shifts  of
common  laboratory
solvents  as  trace
impurities  to  deviate
from textbook values.

Concentr
ation
Depende
nce

T h i s  i s  m o s t
p r o n o u n c e d  f o r
exchangeable  protons,
such as those in water,
methanol,  and  other
a l c o h o l s .  A s  t h e
concentration  of  the
impurity  increases,
i n t e r m o l e c u l a r
hydrogen  bonding
changes the electronic
shielding,  causing  the
peak to shift downfield.
A  t race  amount  o f
water  in  CDCl3  might
appear at 1.5 ppm, but
a  more  substantial
amount  could  shift  to
1.8 ppm or higher.

Temperat
ure
NMR  experiments  are
often run


