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Table 10.3  Typical Chemical Shifts for Types of Hyd

5 F

rogen Atoms Seen in Proton Magnetic Resonance Spectra

-RCH,X (X==CLBr,)

]
G1i1s ROCH,, RCOCH,

RCH==CH,

ArH

* The chemical shift values zre given in parts per million (ppm) relative 1o teiramethylsitane at § 0.00 and are
for the hydrogen atoms shown in boldface in the fermulus. The values for hydrogen atoms on oxygen and
nitrogen are highly dependent on solvent, concentration, and temperature.

Tabie 10.2  Chemicai Shifts for Carbon Atoms in *C Nuclear Magnetic
d L)

Resorniance Spectra
{ ' ‘
C—c—C QC:" [.5-1.0 © RCH,CH, . 1316 RCH==CH, | 15-120

! Pl RCH,CH, 16-25 . RCH=CH, 125140
_ q)r> _ o ul‘::-RTCH.I. S e 25-38 .. . i RCE=N BERRE E the o
}/"\L’h'\ ;r-t_j : 9 ArH 125150
.. CHCR -30
- 9 RCOR’ 70175
C - C‘a'“C, [ (.2 -7  CHCOR ~20 o .
@ PP~ . RCH,CI 4045 ' _ R£01i

. RCHBc ' 2835 o

Em’l\ﬂéa(__) o N

RCH,NH, N LI O RCH
\ Y renon 5064 ' 0 L
H (oA L Re=CH 67-70 RCR' - 2051

C.—C ..@ QC > 0.9-L6 “Re=CH 74-85
{ ffﬂs .
* The chemical shill values are given in pirts per milfion (ppm) relative 10 etramethylsiiane @ 8 00 and are

@ ) for the carbon atoms shown in boldface in the formulas. p
AT [fle)



®
-~ ! ~

@ | (€ x=Re @ VE X = Re

¢ Wit This date e Can GsSiya qf-pfm“mube
Chloamical shifh D T miewle el g

B
_I**'C‘“"Cl‘_—-(‘;-mc—w'z(’

{ ' ]

l4 b B I+

L\)PZ————E m | leconic

—H J'\ ol/”“alf\.s l"\ almﬁcﬂf\@\ff_ @utmm 5;{,—(
1 e TR ngha.l_t. N Gl"%—?_nenv" /*fﬁ“q,\_,

Th MM Specdrima,

- 1= O’B &/‘jf\qh ~ fells oy J\u’w ra
Einds o f F__ff:"“ Thert art 1n <o
/Molecila,

¢ Measu The ot of 2adh shaad —
et s/ mmines TTHe [‘Sbi\_mﬁ o+ ) Fereny

[t nds :ré Wﬂj{n.

/! -



o fNesr specdys Meefels ;’\?‘(:7/«}6
ﬂt N <_ urel & 7)*{ f-{qlé_ ~
5eve relahve oveas clirecHs.

o P armoont of enerse, ahivibed
et Recth Moo e -G{cl
(s oL'ru:Hj PPorPomal Fo The

Codd b | +2 prsbms #: ‘vab’-& That= ot qbdwhj

2 +Y Pro‘)\h\!' %NF _
VY b prodtms e 33

(\c\,’h.o [ l

[Ecmg:owu Lo T Y] “"kmola
fM@jf\@’hc /th.romaoﬂ

— ol Greremce 1~ Mjncjﬁc_ O’Jquf%er at A Ferend-
wdehehg dts — clashielley

f POWR P Space

) /+
s




g shess o Py ympe [5H]

> }b(,a:hnﬁ\ G'F —-O—-H hbweg.ﬂfk £°U'\ Lfékf},

cloT  hecause of @’D/'h'fj %, ) eae g Dwp A
0} Ry dleaun b ool
s CRamicak Shift o oM Ay Mg o clgpomd o
T Co~cemMh o
— Nﬂ\g’L £sletnT Cfa/w- frohc:/ f, lew afribr,
¢ Confye 51\0./‘09 o broacd Sigaals Pogilec)

ff* | Sl o
C May sr oy nik ke + b <
y. \ay it Sﬂ( 4 ad  ccemt

f_g@zf«—-g@k Spithiy CCoaf)&jﬂ | e

o &\Qnm;'uqi Shifr of a P/ﬁm,‘d—(ﬁ%# Uhe, 1.7‘?
d{(j‘i’&n,é LAu i on et

SIh - epimde o To esphbunty Prton,

o/
— CU‘P\S:.U(M fob‘}b\l (”-\’J’H‘b‘) o:_/ﬁud-\_b,{ > ne,‘jhbg(/ﬁ
( s H’é s de Chyelded

-—-C‘}'h—\ Nelahve hs i Y ‘/—xf"\vﬁ |
(G0
_ c{:--L,l o)ps{fo-{_ Ct;ium”b) - | Spl- .
[ | -

H, Ha




Eacwu:—& g Fre@—?x\ce 015‘0\ /\--‘?_m/‘1>j 49/5/}?;)
C}'\m?,e_s Tle /h'\o\jn{:hu’r_ Relh ot H.

Cd wvice verva)

Hb - Sfl‘t\nah:j o~ itz G‘KIFJJ' (3 Sg’:\m iy el ﬁ'-ﬂ,) o4 (D)
The preegnebc Beld + gamenttr e/Ther eddeds
T o0 shtneds P T regnehc B el
W,McLA l:j Pr.

e [eld erpelonced b M

+ot-y I S%ATIQ'
tl
€’,.\l.,z\.:Y 4 ) S?" . Gl
| 'h:"lw 'g"“'\d bl:ud,]@*’
A{,\a e
LL&. [,}b —

Prote~ ohgessd a s

| . Z.—b'wﬂ,g
* /j)\( Sf“@j &M?f\ﬂ\l Mmey 1 Cc:[/-gp(
J)e_ c;”:féj Combtemt (T
Ta _
:jﬂ e Zﬂ‘&cs 2 N (N«ﬁnej)c 7‘3'5’{.1 ?MM
M < O~ les f{’d'}'"d\/ Tl refre. i+ (s Vo]

| _QIQPMO‘-%* N Tha. agplied Magneh el




S:ﬂm-@\ '/"WM o'f Sf/’ C’]@r‘/)\ Sam=e N«Jm)
e sk A /714,, Seo, 1%77\ ar<e obterved a5 dsohleds
(ot T Tha Same T, (Conphmy Comstrnt)

[

}&/\f—#l /2u)§ Cin gonenl) = a sof of M

87()5\\/«\40\‘1" P(‘u?“ﬁhj wi'l ‘%ﬂ/'f‘ an MM «Slj/\q_/q Mh

/\)'f'l 09(9\)(»& |
ox  BeCh CHEC //(’L A;‘
& ¢ //

UDUSSIELQ Ig\f; C:)':\)alﬁd"laj“ 74 }J_ lS e\a/e bl
b
us;:bk _;(z\r\ Cmb:)\,h'rhg ) 141 ‘S g
: The net Ae
2 HY 1.0 o =i "‘"cAu.Dt 0
kA

© Te of Tha Cembinadh'ms resolt i~ s
’GE(J (}Wg,ﬁa‘j— /‘}‘b/ BN /’715 rd e Wf/'ﬁ/'
bt TR /km,b rahes o6 Ji2:1

\ﬁ/@

(1-5,



* CJ\G‘J{M'LJ LhyEt r'e_{)e/’)‘f.ﬂ

+ Chermiad shift repolted F by herter P
\iwtf M of TR Priplet 2 Mheo
R/t .
1! 3 LA genead 0 L ualoe

ot c eLSance r\@foﬁ-(,(
s Tle C%?l([‘ of 7T re

[~ 2| |
obsesoed yomilhpleT

—e By same rCasenis LT U1 44D ken
Nesre are 4 /,\70{/\0}0\5 Wﬁﬂ@kdjqcmr
CNLD@* tot ) g,d’ an Nt/ = (/ C3+]:C/) /&L\QA

/..,L l_}_ A cedled a, 7\:9\(72‘6}*

| . ot

% .

I ‘ |

l+--—~<’:-- N i
{ ’ | o
H [ 3.3 .




B 7 &
ek Cﬁjréwcuj

Prea | ; (
Y
_ E%L - Sf” TL ;77 é €7 Uive feat w

o [06 172! IS 0

. %gh%szu cbrere bohucen hycrogems o
o\_o\,jjuemf' Cpf‘/)lﬂ-\ aF It CCJL/I/‘G/( uli,z}\q// Cﬂf/fb)
//)—\qj’ e vad ﬂ\wjf\gj\w’\(_j ’\_if"\'-*-€7u1't/c/£f17"

- He
l
/C“*Ll6
* Nn—Uunak Couvpling Nesmelly nor Sbsaioed
| (o for MU@)
Co-4,
-
e
Nc-H,




‘?{‘dm &LH'&CAQ& T ’P\q Same Corbm @Wa/)

ff/'/%j Nt @!:JUNJ (o
H,

He,
et art. €?d/;ﬂy/€nf’

Q\
,
“'b

-—-—-.Nﬂ"r( dm Not df‘f":ﬂ7ui.‘fk LQ,MCI\
/"\'-?ne,h'c.'nllj -e;]wb«.lad' Ajolf‘ag,w

Mtft Cd‘ﬂv licated Sf/ H')'-j 3’“}56))*\ de’%

s phed |

( j " e Ha
— C.—-'-[ /9

I a} rem 7 SRR AR
—Cc~H [ ] [ |

5 [ !

' n SERAL d 4 J d
-~ C— H

( f:rc:ﬁ" ook Jet

e-jud a‘rv}-u.sfh'ef ~——~—+{[ ”

raf sy Than (13737] ad
SR e~ for « 7uuf'}'€,7"

E'/“ Sfrr\ Sy I#—%j




s a~d Dangr altenes :

+
\C‘_::,Q/ “\ —_— /’+ ~ /H
P N C=cC c—cC
b -~ ~ ’ N
Nons T He Cs TZlopy L il
T2 Ha

}foaskfto -].\\fl.t- f/“'h‘"{]
»P/Vhw\_( a Pecched 7o r)l'( Sene Calbr N

. vn eI~
ot tagnehiall nmf’?“‘“. .

7 e )
o W 2
M\ /‘u'«' ﬂ’m - >C*—C—\
Ch—cy M, 14, @D
J CHJ
CHJ
4 M
)%\C*-—.C’/Iﬂlq ff\f{/"%(c 4 /\C_ '.;'__"C_i
o hur Mo %~ @ d
Che &,
ch,

a4y ot die Sereofopic




[MDEX OF HYDROGEN DEFICIENCY (IHD )

THD - The number of H atoms that must be removed from CpHane2 to give the
molecular formula of the desired compound. If the triple bond is considered -
as two double bonds, the [HD gives the number of rings and double bonds.

Example  CgHip  CpHopes forn=61is CeHyg: THD =(14-10)/2 = 2
Some possible structures for a compound of this molecular formula are:

CH3CH=CHCH=CHCHj3 CH3CH,C=CCH,;CH3

etc. ‘ .
REMEMBER

1. Presence of O or § makes no difference in the index

2. Halogens are regarded as the equivalent of a hydrogen

3. Each N raises the number of hydrogens in the corresponding saturated
parent compound by one

4. No hydrocarbon can have an odd number of hydrogens

CH,4

EXAMPLES

Structurs Formula Parent Formula HD H-Deficient Stucture
OH
@ Cﬁﬂgo C@—HH 4 3C=C, 1 ring
D—Noz C,H,NO, C,H,NO, 2 1 N=0O, 1 ring
C]QCPICHzcﬂ CH,CT, CHCly 2 2 from CeC

& C.Hyg CH 3 1C=C, 2 rings.
P4 | |
@j C,H,N Cyt N 7 4C=C,1C=N
N* 2tings



NMR Handout: Solving Unknown Structures with NMR

1. Calculate the unsaturation number (or index of hydrogen deficiency) from the
molecular formula.

The overall formula, which you should memorize, is:

Unsaturation Number=2C +2 + N-H-X

2
Where C= # of carbons, H = # of hydrogens, N = # of nitrogens, and X = # of
halogens.

2. Examine the integration of the peaks. Remember that these numbers are RELATIVE
areas. So, an integration of 3 peaks as 1:2:3 may actually correspond to 2:4:6 protons.
The total number of protons from the integration must equal the total number in the
molecular formula.

3. Examine the chemical shift of each peak. This provides information about functional
groups that are near an observed proton, :

4. Examine the splitting pattern to determine the number of protons adjacent to an
observed proton. This will provide information about the connectivity of the molecule.
Typical coupling constants will also be provided on an exam.

5. You should be able to draw an NMR spectrum from information provided in the
format: & 1.67 (3H,t, =7 Hz).

6. You should also be able to determine a structure from a given molecular formulz and a
spectrum. ' ‘

Practice Problems:

L. Give the structure of a compound C4HgCly with the following IH NMR spectrum: 8
1.60 (3H,d, J =7.5Hz), 2.15(2H, q, T = 7.5H2), 3.72 (2H, t, T = 7.5 Hz), 4.27 (1H,
sextet, J =7.5Hz). ‘ ~

- 2. C3HyBr: 61.03 (3H, t,J =7 Hz), 1.88 (2H, sextet, J = 7 Hz), 3.40 (2H, t, T = 7 Hz).

3. CsHgBrg: 83.6 (s, only 1 line in spectrum).



