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Disclaimer

“The contents in this presentation are compiled from
different sources, this presentation is delivered at the
interest of students and not involved any commercial

benefits. Thus the presenter shall not claim any
copyright for this presentation, and not responsible for
any copyright issues if arise”



RIPER
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NMR Spectroscopy NAAC &

NBA (UG)
SIRO- DSIR

NMR spectroscopy is based on the absorption of radiofrequency
(R¢) by the spinning nuclei (Spin quantum number | > 0).

Note: if, | = 0 it indicate the nuclei does not possess spin, hence
they do not absorb radiofrequency Example: C!2, O1).

In general, for a nuclei if both atomic number and atomic weight
are even, then the spin quantum number become zero.

Example: .C!?2 do not absorb radio frequency but C!* absorbs
radiofrequency.
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RIPER
H1-NMR Spectroscopy AUTONOMOUS
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Proton NMR (also called as Hydrogen-1 NMR or Hl NMR) is a
type of nuclear magnetic resonance (NMR) spectroscopy
represents the hydrogen (H! isotope - Proton) within the
molecule of a substance, where Proton absorbs radio-frequency.

As per isotope abundance, 99.99 % will be proton (H!) isotope
remaining will be deuterium (H?) and tritium (H3).

CI3-NMR - C!3 absorbs radiofrequency and gives information
about carbon in the chemical structure.

—
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How to predict the nuclei spin quantum number ? TS

NBA (UG)
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Mass Atomic Nuclear spin Examples
number number guantum
number (I)
Odd Odd/ Even |1/2,3/2,5/2.. |H,, BC, N, (1=1/2)
1704 (1=5/2)
Even Odd 1,2,3,4,.... 2H,, N, (1=1)
108, (I1=3)
Even Even 0 12¢. 160, 32 . .
e “~& 216 NMR Inactive

NMR inactive: They don’t absorb radiofrequency
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Principle of Radiofrequency absorption by Nuclei FEIR

AUTONOMOUS
NAAC &

NBA (UG)
SIRO- DSIR

Any spinning nuclei (I > 0) will have different energy level
under external field, and the number of energy level is
depends on spin quantum number.

For example both H! and C'® possess spin quantum number
of half integral (I = %2), where H? possess integral (I = 1).

Hence the number of energy level for C13 and H! under applied
magnetic field (B ) will be,

=(2l+1)=2x%+1 =2 (+1/2,-1/2)

—
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+1/2 and -1/2 respectively for higher energy (beta) and AEQTLNPOECEES

lower energy (alpha) orientations under the applied NBA(UG)

magnetic field (Bo or Ho). SIRO-DSIR

Higher energy state: magnetic
field opposes applied field

Nuclei are charged and if they

have spin, they are magnetic / ? A

Energy of transition = Applied
energy of radiowaves Magnetic

‘ Field= B,

NO FIELD

Lower energy state: magnetic
field aligned with applied field

—
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Behaviour of Nuclei in Applied magnetic field

Applied magnetic field

-—_ - T = -

Frecessional -
arbit

Spinning
nucleus
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gyromagnetic
Y ratio Y

frequency of

the incoming T V= | —— Bo

radiation that )

will cause a T \

transition strength of the

magnetic field

The above equation is called LARMOR equation
represent the Fundamental NMR equation.
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A The magnetic moment, pu is AUTONOMOUS
- = NAAC &
proportional to the spin quantum A
number I SIRO- DSIR

u=v I (h/2m)

where y = Magnetogyric ratio = magnetic moment
angular momentum

v is different for each nucleus (a constant)

I is allowed only certain values and these values
can range from m, = -1 to +I in integer steps ONLY

Our proton is simple as it has I = "2, so only two values
of m, are permitted, +1/2 and -1/2

—
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Larmor frequency (Precessional frequency) [RUENEYRE
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Larmor frequency (Precessional frequency) of the nuclei
is depends on the applied magnetic field and the
environment of the nuclei.

B,
2N

V= for 'H, v is 60 MHz for B, = 14,092 gauss

v = magnetogyric ratio = 26,753 radians/gauss for 'H

2L
hl

Y= (L = magnetic moment
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. . . RIPER
Gyromagnetic ratio & Nuclei’s Larmor frequency TR

NAAC &

NBA (UG)

The gyromagnetic ratio differs from SIRO-DSIR
nuclei to nuclei and depending on
the environment.

Nuclear spin

p=yIh
Example: CH;0H - 1L - magnetic moment
Environment of CH; proton v - gyromagnetic ratio
and OH proton are | - spin quantum number
different. Hence they are h - Planck’s constant
magnetically not equivalent "

and absorb R; at different
energy and give different
signal
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Rf absorption by Nuclei Ducilel el

NBA (UG)
SIRO- DSIR

The radiofrequency used will be 60, 90, 100, 300, 600 Z, aS
frequency increases, the resolution increases. Radiofrequency is
absorbed by a molecule only when,

Precessional Frequencv [ l.armor) = Annlied radiofreauencv (Rf)

?

Increasing
energy

e

Electromagnetic
radiation of
frequency

AVAVAVAV AN
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RIPER

. . AUTONOMOUS
Angular momentum differ based on environment, e
so change in Gyromagnetic ratio and energy levels SIRO- DSIR

(H

|
H—0—C—H

|

H

Ultimately, the number of
signals indicates the number
of different chemical
environments in the molecule. T™MS

L

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll[llllllllllllllllllllllllllllll

10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
o (ppm)

—

Raghavendra Institute of Pharmaceutical Education and Research - Autonomous
K.R.Palli Cross, Chiyyedu, Anantapuramu, A. P- 515721




RIPER

Same way, in the example of Ethanol, there are three AUTOEIOU:
type of protons, CH;, CH, and OH, they resonate with the e
applied R, at different field strength

- CH=

OH CH2
™S
4 i 7 [3 4 4 3 2 1 fl
§

—
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CHEMICAL SHIFT

* The number and position of signals in NMR spectrum
signifies the number and nature of protons in the molecule.

* Each of these protons will have different electronic
environments and thus they absorb at different applied field
strengths.

* When a molecule is placed in a magnetic field, its electrons
are caused to circulate and thus they produce secondary
magnetic field i.e., induced magnetic field.

* The induced magnetic field can either oppose or reinforce
the applied field.

w—
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A chemical shift is defined as the differenc

per million (ppm) between the resonance frequency of the

observed proton and tetramethylsilane (TMS) hydrogens.

TMS is the most common reference compound in NMR,

itis set at 5=0 ppm

Chenical st ) = frequency of signal - frequency of reference 10"

spectrometer frequency
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Formula for chemical Shift

\Y -V
sample “reference

_ 6
sample ~ x10

Vreference

Other formula are
eChemical shift =

Chemical shift of Test proton - Chemical shift of
TMS

eChemical shift in Tau value = 10 - delta value (ppm)

eChemical shift (delta in ppm)
= Shift of proton in HZ / Instrument frequency in MHZ
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Chemical shift values SIRO-DSIR

LH NMR
-OH  -NH |
& L& |
| I | L& | | i | | i | | s |
1] ] (] T T 1 ] (] ] ]
12 11 40D 9 8 7 5 s 3 2 1 o
PP
H-C=-N —CHy
O o HAi5
T P:\ H-C -3 . “CH,-
R TOH R TH H C=C-H C=C
@" H-C-0 H-C-C=0 —(::H
H-C-C=C

X=F, Ci, Br

fi.e. elecironegative atom) Hé—@
I
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\

Measurement of Chemical Shift

» In order to measure the magnitude of chemlcaI shift:
different kinds of protons, |

» There must be some standard signal .

0.5%Tetra methylsilane (TMS)(ch,),si is

reference or standard compound.

CHg
» Chemical shift is represented by 0 |
Si
g
» A scale: 0 to -10 scale HaC \\CH
CHga

» TMS as zero markers.

» Dimensionless expression; negative for most pfotons
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7
HaC—Si—CHs

CHj

Tetramethyl saline sulfonate (TMS):

RIPER
AUTONOMOUS
Cr'|3
CH3 Sl CH>—CH2— CH2 — SO3Na
Water insoluble |
CH3

NOTE:

Maleic acid,
Dimethyl sulfones,
1,4-BTM-d,

DSS-d,

are other reference
compounds used
in Quantitative
NMR

Sodium, 3-(Trimethyl silyl) propane sulfonate: water soluble

—_ _ TMS signal
Shielding effect and upfield shift : -
2 11 10 9 8 7 6 5 4 3 2 1 0
[ N S N N N Iy I L
2 1 90 1 2 3 4 5 6 7 8 o0 7

( Deshielding effect and downfield shift

—
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[Anloolatedproton} t\pmtonourroundedi

by electron density
' ' magnetic field induced
o : by the electron
T - (opposite to B,)
nucleus
B, B,

The nucleus "feels” B, only. The induced field decreases the strength
of the magnetic field “felt" by the nucleus.

This nucleus is shielded.




Electronegativity and Inductive
effect

O- O+

Chlorine “deshields” the proton,
that is, it takes valence electron

Cl_& C‘_ H density away from carbon, which
| in turn takes more density from

a
» p hydrogen deshielding the proton.

/’ &- o+
electronegative NMR CHART
element
“deshielded" *highly shielded”
protons appear protons appear
at downfield at upfield
(higher 8) (lower &)

deshielding moves proton
resonance to lower field and higher §




Chemical Shift

Proton NMR shifts normally range from 0 ppm (TMS) to 10 ppm

Inductive effects explain a lot:

H H H H H
H—Cl)—H H—(|3—I H—(ID—Br H—(|3—CI H—(IZ—F
H H y H H
1.0 ppm 2.2 ppm 2.7 ppm 3.1 ppm 4.3 ppm
RCH,—H R,CH—H R,C—H
~ 0.9 ppm ~ 1.3 ppm ~ 1.7 ppm

Increasing alkyl substitution
Increasing chemical shift

CHClI; in CDCl4 = 7.26 ppm H,O in CDCl; = 1.55 ppm
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Chemical Shlft values AUTONOMOUS
NAAC &
NBA (UG)
@,EH NH SIRO- DSIR
'H NMR :
-OH -NH |
& &
I BN I x _‘. 4
i i T 1 | ] ] ]
12 I';_ 10 a 8 7 G 5 I > l.!"' 1 i.'ZlI'
REM
HC-N oy,
0 O H-C-S
T iy Hex . <CH-
R ~OH - H C=C.-H =
RT N @" H-C-C  yeo.c=0 —(::H
H-C-C=C
X=F, Ci, Br

jl.e. electronegalive atom) Hé—@
|
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H-,O
O 2
[ H
oy s R-OH
ca C acias
it e alchohols ™S
CI:I) o R-NH,
R-CH |
aldehydes _C""-N H

12 10 8 6 4 2 0

Chemical Shift (8) ppm

=\ Raghavendra Institute of Pharmaceutical Education and Research - Autonomous
] K.R.Palli Cross, Chiyyedu, Anantapuramu, A. P- 515721




RIPER

Magnetically equivalent (same environment ) protons AUTONOMOUS
gives same signals NBA (UG)

SIRO- DSIR

* Equivalent Protons « Non-Equivalent

Ex. Methane protons
H Ex.acetaldehyde
i P - H
H—C—H H—C\_ /
H / C
H \
O
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RIPER

Some Nonequivalent RBAS)
Protons
HO O HC o
OC—C\Hb dy HP
CHj
H———CI
ag—f—pb
Cl
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IH NMR—Number of Signals

* The number of NMR signals equals the number of different
types of protons in a compound.
* Protons in different environments give different NMR signals.

+ Equivalent protons give the same NMR signal.

CH1 O_CH1 CH’;CHQ Cl (:Hq ()_(:H?CHE
A & A T T g T .
H;—a Ha Ha H:' Hd HD H(:
All equivalent H's 2 types of H's 3types of H's
1 NMR signal 2 NMR signals 3 NMR signals

* To determine equivalent protons in cycloalkanes and alkenes,
always draw all bonds to hydrogen.

H o C cl H

1 NoT [>—ci Draw  C=C NOT CICH=CH,

12
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'H NMR—Number of Signals

O
I
CICH,CH,CI CICH,CH,CH,Br C CH,CH,OH
ot y4ee G ot F)
Ha Ha Hb Hc Ha Hb Ha Hb Hc
1 type of H 3 types of H's 2types of H's 3 types of H's
1 NMR signal 3 NMR signals 2 NMR signals 3 NMR signals
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Equivalent protons in alkenes must be cis to the same group

Br, HP
Br>_<H ,

Ha and Hb are both

cis (trans) to the Br

They are equivalent.

One NMR signal

Br Hb
=
H, Br

Ha and Hb are both
cis (trans) to the Br

They are equivalent.

One NMR signal

“—0 - Ha
Br>_<Hb

Ha 1s cis to methoxy,
while Hb 1s cis to the Br
They are NOT equivalent.
Two NMR signals (a, b)

and one signal from CHj;



SPIN-SPIN SPLITTING

Often a group of hydrogens will appear as a multiplet
rather than as a single peak.

Multiplets are named as follows:

Singlet Quintet
Doublet Septet
Triplet Octet
Quartet Nonet

This happens because of interaction with neighboring
hydrogens and is called SPIN-SPIN SPLITTING.



RIPER
SPIN-SPIN Coupling (Splitting) M ace

NBA (UG)

SIRO- DSIR

Sometime signal will appear without split (singlet)
sometime split as two (doublet), three (triplet) etc.
[t due to SPIN-SPIN relaxation process.

The spit intensity will be based on the following
Pascal's triangle.

The following is the Pascal triangle where “n” is
number neighboring protons.
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Relaxation

+ Spin-lattice relaxation converts the excess
energy into translational, rotational, and
vibrational energy of the surrounding atoms
and molecules (the lattice).

¢ Spin-spin relaxation transfers the excess
energy to other magnetic nuclei in the sample.
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AUTONOMOUS
N O e

1 singlet (s)

2 1:1 doublet (d)

3 1:2:1 triplet (t)

4 1:3:3:1 quartet (q)

) 1:4:6:4:1 quintet (quint)

6 1:5:10:10:5:1 sextet (sext)

/ 1:6:15:20:15:6:1 septet (sept)

g 1:7:21:35:35:21:7:1 octet (oct)

9 1:8:28:56:70:56:28:8:1 nonet (non)
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RIPER

The split of signal is due coupling of proton with neighbor AUTEEI OV
proton. The value between split is measured as Hz SR
(coupling constant) which is important factor in assigning

conformations and configuration.

N+1 Rule

Type of splitting follows the "n+1 rule": a proton with ‘n’neighbour
appears as a cluster of n+1 split peaks. Based on the number of
split they named as doublet, triplet etc.

el e

triplet n=2 quartet n=3 pentet n=4 sextet n=5 nonet n=23
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H AUTONOMOUS
Hb a NAAC &

NBA (UG)
SIRO- DSIR

b.1Hz 6.1Hz Hy H,
I I 6.1 Hz
CI—C—C—H,
Cl ClI
Jap = 6.1 Hz
| I
5.76 ppm 3.96 ppm

6.1 Hz = Coupling Constant
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1H NMR Spectrum of Ethanol: Spin-Spin Splitting RUF SR

AUTONOMOUS
NAAC &
a b ¢ a NBA (UG)
SIRO- DSIR
CH,CH,0 ms
H
a - triplet
b - quartet
C - singlet
b

(&)
EE.
.
.
N

downfield

. upfield
ppm (3)
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Equivalent Protons do not
Couple

H H H
) ¥ /
Cl—C—H Gl—C— 00—}
\ / b
H H H
Three C—H protons are Four C-H protons are
chemically equivalent; chemically equivalent;
no splitting occurs. no splitting occurs.

©2004 Thomson - Brooks/Cole
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If H, and H, are not equivalent, splitting is observed when:

H
1 e | |
_(|:_ :C\ _Cl;—(l:—
Hp Hp H, Hy
H, and Hy, are on the same carbon. H, and H, are on adjacent carbons.

Splitting is not generally observed between protons separated by
more than three ¢ bonds.

7
cCgo GO

CH, CHCHj CH,=O—=CHCH,

ol Is; Gl I

Ha Hb Ha Hb
2-butanone ethyl methyl ether

H, and H,, are separated by four ¢ bonds. H. and H, are separated by four ¢ bonds.
no splitting between H, and H, | no splitting between H, and H,, |

54
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H
H H 7
ﬁH'I=J"III
alkane cis 6-15 Hz trans 11-18 Hz geminal 0-5 Hz
6-8 Hz
H
H H
H
H
H
ortho 7-10 Hz meta 2-3 Hz para 0-1 Hz
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MASS Spectroscopy
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RIPER

AUTONOMOUS

Mass spectrometry i1s a most important FEvres
analytical technique used to

NBA (UG)
SIRO- DSIR

efind out the molecular weight,

eidentify unknown compounds within a sample,
edetermine the isotope ratio

eElucidate the structure and

Study of different isomers
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The mass spectrometry involves the conversion |0
the neutral molecule into gaseous ions, with or
without fragmentation,

which are then characterized by their mass to charge
ratios (m/z) and % relative abundances.

The conversion of neutral gas molecule to positively
charged molecule is called ionization process it is
attained by different ionization techniques.
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e
lonisation  fragmentation
Y "
>
M M m +m,
radical cation  radical
- cation
2¢
molecule molecular fragment
10N 10N
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TYPES of lonization process in Mass spectrometry AIJ\;I)NPOIEES

NAAC &

NBA (UG)

eElectron impact (El) — 70 eV used to ionize SIRO-DSIR
(Hard ionization Process).

eChemical ionization (Cl)- Reagent gas ( methane, ammonia
etc)

eFast atom bombardment ionization (FAB) — For soft
molecule based on the collision between high velocity Xe
or Ar gaseous molecule.

eElectro-spray lonization (ESI)— Based on voltage at spray
nozzles used for polar molecule in LC-MS
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] K.R.Palli Cross, Chiyyedu, Anantapuramu, A. P- 515721




eAtomic pressure chemical ionization (APCl)- for Non —polar
molecule in LC-MS

*Matrix assisted Laser desorption ionization (MALDI)- based on
the sample-matrix (sample mixed with urea, nicotinic acid etc.)
which was ionized by the irradiation of LASER.

Above all, except El, all other ionizations are soft
ionization process. M+1 (quasi molecular ions) ion is
more common in all techniques except Electron
Impact ionization
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Mass Spectrum AUTONOMOUS

NAAC &

NBA (UG)
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893.17

848.54 942.71 1060.44
— 1131.05
—— 1211.77
1304.89
771.50
737.99 141358
707.27 1542.02
700 800 900 1000 1100 1200 1300 1400 1500 1600

Raghavendra Institute of Pharmaceutical Education and Research - Autonomous
K.R.Palli Cross, Chiyyedu, Anantapuramu, A. P- 515721




Bar Graph of Mass Spectrum (Noise are
removed)

179
225
137
381

93
l ﬁ, l,.,xl- 1. nl._llLL ll_‘.

I ) ) I 1

200 400 600 800

m/z

1000

RIPER

AUTONOMOUS
NAAC &

NBA (UG)
SIRO- DSIR
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Different Peaks in Mass Spectrum -

NAAC &

NBA (UG)
SIRO- DSIR

Molecular ion ( parent peak - highest m/z)
Base peak (100 %)
Fragment peaks (lower m/e value than molecular ion peak)

[sotope peak (M+1, M+2) - should not be confused with quasi-
molecular ion peak.

Meta-stable ion peak
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RIPER

eMeta-stable ion peak (m/z value with decimal M aace
: NBA (UG)
value.. example 36.4, its due to abnormal SIRO- DSIR

translation al energy of ions which has ionized at
analyzer instead at ionization chamber).

e [f M* is metastable peak, the following formula
will be used for calculation

M* = M,2IM,
e.g. CH,* (miz =69) - C,H,* (41) + C,H, (28)

Calculated m* = (41)2/69 = 24.36, observed m* = 24.4

—
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Nitrogen Rule

‘The nitrogen rule states that organic molecules that contain
hydrogen, carbon, nitrogen, oxygen, silicon, phosphorus, sulfur, and
the halogens have an odd nominal mass if they have an odd number
of nitrogen atoms or an even mass if they have an even number of
nitrogen atoms are present’.

Even
molecular
weight

Nitrogen may be present
or may not be present

Presence of Nitrogen in
even number or Zero

Odd molecular
weight

Molecule contain
nitrogen

Presence odd nitrogen
only .




Ring equivalence plus double bond equivalence or Index of
Hydrogen deficiency

The following formula from a molecular formula will give the information of
number of ring / double bond in the structure.

. H X N
Rings+ mBonds=u=C-—-—+—+1
2 2 2
Formula = Justification
value
CO, (0=C=0) 2 The presence of two double bond
in the structure
H,0 (H-O-H) 0 No double bond or Ring
C,H, 4 the three double bond and one ring
in Benzene




Even electron rule

The even electron rule states that ions with an
even number of electrons (cations but not
radical ions) tend to form even-electron
fragment ions and whereas the odd-electron
ions (radical ions) form odd-electron ions or
even-electron ions.

Even-electron species tend to fragment to
another even-electron cation and a neutral
molecule rather than two odd-electron species



Rule of 13

e The Rule of 13 is used for tabulating possible chemical
formula for a given molecular mass.

* |t is based on the assumption that only carbon and
hydrogen are present in the molecule , so the molecule
comprises some number of CH "units"(has a nominal mass
of 12+1 = 13).

* |f the molecular weight of the molecule in question is M,
the number of possible CH units is n and if r is the
remainder

M r

13 13

The base formula for the molecule is Can .



Stevenson’s Rule

“According to Stevenson's rule, if two
fragments are in competition to produce a
cation, the fragment with the Ilowest
ionization energy will be formed more
frequently”. It means longest chain will be
cleaved as radical.



