NMR part 2 :g9:090ll puwl
Hydrogen

Sara Jaber:d_ /i3 amall slac]




Gw&ma:—ﬁﬁ) H ) . _ .
} | ) 1/ g R 5,764 o)) uao

cC — < | fedafeg/ (Oith the
¢ - <‘\9‘“q’s’-*ﬂ’\c);:"—“f ‘FC'J,",’(":" YW [a) ag Yy
\ \ y Dm Vlumbe/“'jo
3 ks nucle vé
SV
’ o N2
c;/;inmi&lle S* :3105\,
TN S

ﬂ(f& Co|/0 ’C"’L ‘U‘f)j","%“ Polar CoVa lm{—

| OO
o ) _
8 TJT T S E= 1o’ ,
G N A8
o B a A
g o B B

8’..“1 (M . e J a‘;u:_- 3\3‘5\ ‘%Q?
/ ~—— ENN (. $2 o e Y o Il e
Ol .
NG AT 25 4 pot| ’ 5 Awe DeSaneUe;
PR\ \]\‘:H’J» 56 Yo WL o yelded Jethigldde— | — Ol Jd
Hth 1Py 7 3 [




Magnetic Shielding

If all protons absorbed the same amount of energy in a given
magnetic field, not much information could be obtained. ©e= s> sl ¥

But protons are surrounded by electrons that shield them from the
external field. Spelleld

Circulating electrons create an induced magnetic field that opposes
the external magnetic field.
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Magnetic field strength must be increased for a  ¢esrcee e

~ 3¢ sAl+ shielded proton to flip at the same frequency. | o)
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Protons in a Molecule

Depending on their chemical environment, protons in

a molecule are shielded by different amounts.
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NMR Signals

* The number of signals shows how many different kinds of protons
are present.

* The location of the signals shows how shielded or deshielded the
proton is. oHivg I 2o Py

atoms

O N )

NS . . :
\<\<< . * The intensity of the signal shows the number of protons of that

- type.

* Signal splitting shows the number of protons on adjacent atoms.
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* TMS is added to the sample.

* Since silicon is less electronegative than carbon, TMS protons are
highly shielded. Signal defined as zero.

* Organic protons absorb downfield (to the left) of the TMS signal.
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* Measured in parts per miIIion.ﬂDm in X = axs
—_—

* Ratio of shift downfield from TMS (Hz) to total spectrometer
frequency (Hz).

e Same value foLgO,_lf()_O, or 300 MHz machine.

 Called the delta scale (0).
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Chemical Shift calculation

H0 Mtz= p.092 0 6

5=V, - Vre/ Vg X 108 ppm

Vy — 0 -

e * 107 \/A\TZ:,_ g’g\; Hz
6= Chemical shift (ppm) C 00 _ i
V.= Frequency of proton 10
V — O . ~ AMA;QQ.& 11051‘&

TMS [“Q):g:ﬁ,y& VH :LI*XO HZ

Vmr= 60 MHz or I00MHZ or  4go bz <0 s
300 MHz TR

1MHz= 10° Hz
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Delta Scale

shift downfield from TMS (in Hz)

spectrometer frequency (in MHz)

chemical shift, ppm 0 =
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TABLE 13-2 Chemical Shifts
of the Chloromethanes
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Location of Signals ¢
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* More electronegative atoms deshield more and
give larger shift values. <

—

* Effect decreases with distance. "8/ 0c = le &5
TS N eps @ O

e Additional electronegative atoms cause
increase in chemical shift. C, H

Note: Each chlornne atom added
changes the chemical shaft of the
remaming methyl protons by about
2 to 3 ppm. These changes are
nearly additive.
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Typical Values

A Type of Proton Approximate 6

Type of Proton Approximate 6

o~ alkane (—CH,) qm“';bﬁmafj 1" 09 Cﬁ: No—c” 17
7 — c/ B N .
[ 5 CH
¢ et alkane (—CH,—) 27 pokn 13 | P e s
e I 727 Gt
C\C;"‘ alkane (—ClH—)So proton 1.4 7 doe «t
2 ~J)|  Ph—CH et 2.3
C O-fl———'—J 3 : @‘: S
Y w,}lquawrW R—CHO ¢ -H 9-10 V;:;
u N -
TA : R—COOH_ 4ot 10-12 ~ <=5
— el # 2=
4 (=0 S ;}%2, variable, about 2-5
l 4 a-42> cs o “+ ;
—_ — L —H —_
iﬁ o CHQ@ = variable, about 47 Ch3—© A’ -°

X = halogen

4= b
e #

C@: 5-6
-~ Ny ¢=0rc=cPc=C

§ Né4r

variable, about 1.5-4

Note: These values are approximate, as all chemical
numbers given here assume that alkyl groups ar
table of chemical shifts appears in Appendix 1.




Aromatic Protons, 07-08

circulation
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(ring current)
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Vinyl Protons, 05-06
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Acetylenic Protons, 02.5
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Aldehyde Proton, 09-010

induced field
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O-H and N-H Signals

* Chemical shift depends on concentration.

* Hydrogen bonding in concentrated solutions deshield
]’Ehegrﬁtons, so signal is around 03.5 for N-H and 04.5
or O-H.

* Proton exchanges between the molecules broaden PR

the peak. peaai= =f
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Carboxylic Acid Proton, 010+
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Number of Signals

Equivalent hydrogens have the same chemical shift.

\ Hz
600 5000 400 300 200 100 0
- ' 0 IH(’jhl s ik
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How Many Hydrogens?

When the molecular formula is known, each integral rise can be

assigned to a particular number of hydrogens.

8 (ppm)
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The N + 1 Rule

If a signal is split by N equivalent protons, it is splitinto

Relative Peak Intensities of Symmetric Multiplets
Number of Equivalent Number of Peaks Area Ratios

Protons Causing Splitting (multiplicity) (Pascal’s triangle) 2a= Js'o))
0 | (singlet) I —_—
! 2(doublet) 11— -
2 3 (triplet) 12 1 S Ry § WYY
3 4 (quartet) 1 3 3 11— -“'EEE-
4 5 (quintet) 1 4 6 4 1
5 6 (Sextet) 1 5 10 10 51
6 7 (Septet) 1 615 20 15 6 1




Range of Magnetic Coupling
* Equivalent protonplit each other, © 7 @4l

* Protons bonded to the same carbon will split each other onl
if they are not ec uivalent. /= = gy, Carel carma cont” )

* Protons on adjacent carbons normally will couple.

* Protons separated by four or more bonds will not couple.
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Splitting for
Isopropy\ Groups
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Spin-Spin Splitting

* Nonequivalent protons on adjacent carbons have magnetic
fields that may align with or oppose the external field.

* This magnetic coupling causes the proton to absorb slightly
downfield when the external field is reinforced and slightly
upfield when the external field is opposed. y

|

y—C— 3
o AII .b.l. . . . I . I. f / \H
possipilities exist, so signal Is split. " L
H
(
Chr 21 0 oty < .
2 "= = gqfo
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n=0 éa,/bo"’
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Triplet: 2 Adjacent Protons

Br Br
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Coupling Constants

e Distance between the peaks of multiplet d

* Measured i@

* Not dependent on strength of the external field

* Multiplets with the same coupling constants may come from
adjacent groups of protons that split each other.
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Coupling Constants

J=¥ | | Approx. J
/A—A— C—C | (free rotation) 7 Hz"
N:
I!I I’l'l 2‘)91145
N o
/C = =C “ (cis) 10 Hz
o - 4CH H &
H‘ —-C/ 15 Hz
M d\/\i\ (trans) _15Hz
H
W v H
C=C_ | (geminal)  2Hz
# Ng & ——

Approx. J
H PI
o
H
(ortho)
H
2 Hz
H
(meta)
L
P C N
C=C H 6Hz
“H
(allylic)

“The value of 7Hz in an alkyl group is averaged for rapid rotation about the
carbon—carbon bond. If rotation is hindered by a ring or bulky groups, other

splitting constants may be observed.
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Complex Splitting = se##n fiCoup"

Hq¢“b + He

* Signals may be split by adjacent protons, different from each other,
with different coupling constants.

* Example: H? of styrene which is split by an adjacent H trans to it (J =
17 Hz) and an adjacent H cis to it (J = 11 Hz).
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Spectrum for Styrene
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Stereochemical Nonequivalence

* Usually, two protons on the same C are equivalent and do not
split each other.

* If the replacement of each of the protons of a -CH,, group
with an imaginary “Z” gives stereoisomers, then the protons
are non-equivalent and will split each other.
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Time Dependence

* Molecules are tumbling relative to the magnetic field, so NMR is
an averaged spectrum of all the orientations.

* Axial and equatorial protons on cyclohexane interconvert so
rapidly that they give a single signal.

* Proton transfers for OH and NH may occur so quickly that the
proton is not split by adjacent protons in the molecule.
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Hydroxyl Proton ©-f

6 (ppm)

a"?()() 200
I
‘/—F/J

HO— CH,— CH,

1 N RNEE 11 1 (AEEANENEREDN! 113 ell NSRS ENEEN!
5.0 4.0 3.0
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e Ultrapure samples of ethanol show

splitting. Chis a2

* Ethanol with a small amount of acidic or
basic impurities will not show splitting.
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N-H Proton

* Moderate rate of exchange. ofoed
* Peak may be broad. — — ,
| | | ?
+ | 4 H,N—C—o—('nf@
10 9 g : c - " - : !

& (ppm)




gy vy i < |dentifying the O-H AL

oXid  [Dy0

DOV B e or N-H Peak

;. AP\ Blond ANl /[—3 OD CH —-OH
W L, 0 be 337 LO/U)(,‘»@U

* Chemical shift will depend on concentration and solvent. m\wﬁ, L.,J

(or ) Gt lia
* To verify that a particular peak is due to O-H or N-H, shake gms sc— cais
the sample with D,0 imputities

* Deuterium will exchange with the O-H or N-H protons.

* On a second NMR spectrum the peak will be absent, or
much less intense.



