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Hexane CH3CH2CH20H3CH20H3
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Alkenes

1-Hexene CH,=CHCH,CH,CH,CH,
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¢ The alkane CHyCH,CH,CH,CH,CH; has only C-C single bonds
and sp* hybridized C atoms. Therefore, it has only one major absorp-
tion above 1500 em™, its C,»=H absorption at 30002850 cm™.
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* The alkene CH,=CHCH,CH,CH,CH; has a C=C and C,2~H,

B . s 3 . . g
7 NY'\ in addition to its sp” hybridized C atoms. Therefore, there are three

major absorptions above 1500 em™;
* C2=Hat 3150-3000 cm™
* Cp=Hat 3000-2850 cm™
« C=Cat 1650 cm™
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Alkynes

1-Hexyne HC=CCH,CH,CH,CH,
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* The alkyne HC=CCH,CH,CH,CH; has a C=C and Cg,~H, in
addition to its .sp“ hybridized C atoms. Therefore, there are three
major absorptions:

* Cy—=H at 3300 em™
* C2=H at 3000-2850 cm™
* C=C at ~2250 cm™
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» The OH group in the alcohol CH3;CH(OH)CH,CH; shows a strong
absorption at 3600-3200 cm™.
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Phenol (Melt). Broad intermolecular hydrogen bonded, O—H stretch, 3244 cm ™' Aromatic C—H

streteh, 3052 em ™', Overtone or combination bands, 2000-1667 cm ', C===C ring stretch, 1601, 1501, 1478 cm ', In-
plane O—H bend, 1378 cm !, C—O stretch, 1231 em ™. Out-of-plane C—H bend, 815, 753 cm . Out-of-plane ring
C==C bend, 699 cm '. (Broad) hydrogen-bonded, out-of-plane O—H bend, about 650 ¢cm '
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FIGURE 2.16. Benzyl alcohol. O—H stretch: intermolecular hydrogen bonded, 3329 cm ', C—H stretch: aromatic
31003000 cm . C—H stretch: methylene, 29402860 cm ' Overtone or combination bands, 20001667 cm . C==C
ring stretch, 1501, 1455 cm ', overlapped by CH; scissoring. about 1471 cm ', O—H bend, possibly augmented by
C—H in-plane bend, 1209 cm . C—O stretch, primary alcohol (see Table 2.5) 1023 cm '. Out-of-plane aromatic
C—H bend, 745 cm ™. Ring C==C bend, 707 cm .
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e The N—H bonds in the amine CH3(CH,);NH, give rise to two
weak absorptions at 3300 and 3400 cm™.
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100 ¢ The C=0 group in the ketone CH;COCH,CH; shows a strong
7 absorption at ~1700 cm™.
] * The exact location of the C=0 absorption depends on the particu-

lar type of carbonyl group, whether the carbonyl carbon is part of
a ring, and whether there are nearby double bonds. These details
are discussed in Chapters 21 and 22.
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C=0O stretch 1725 cm *

C-H (CHO) stretch  two peaks at 2750 cm * and 2850 cm *
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N-H

 The amide CH;CH,CONH, exhibits absorptions above 1500 cm™
for both its N—H and C=0 groups:
* N—H (two peaks) at 3200 and 3400 cm™
+ C=0 at 1660 cm™
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e The C=N group of the nitrile CH3(CH;)sCN absorbs in the triple
bond region at ~2250 cm™.
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( Applications IR Spectrum in Identification Organic Compounds )

Example (1) :

Identification the Organic Compound unknown which gave him this (IR)
spectrum figure and the molecular formula ( C;HgO ) .

: (1) Jba

(C7HgO ) A jal) alapa 5 Juill JL& A (IR) s el (3 (5 pianll S jall (i
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( Phenyl Methyl Ether ) 8 Jseaall (5 puanll (oS jall () it o3le ) Gl slaall (a9

+ A A ) Assall Al 3
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Example (2) :

Identification the Organic Compound unknown which gave him this (IR)
spectrum figure and the molecular formula ( C;H;ON ) .

(2) JHa
(C7H,ON) s jall aisa s 6l JS3) 41 (IR )il et 3 (5 sumal) S jall padd
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Example (3) :

The Organic Compound unknown it has molecular formula ( C4HgO, )
which gives these bands : ( 3030 cm™ weak , 2960 cm™ weak , 1765 cm™
strong , 1649 cm™ strong , 1225 cm™ strong , 1140 cm™ strong ).
Identification these bands and gave the structure formula expected for this
compound .

: (3) Jbie

L Galaia¥) ain hel (( CHO, ) sl duall 4l Jseas sme S 5
- Sl 13g] Aad siall A0S il Aspeal) ae ) 5 a0al) o2 add (< c)

D oY) i o el el e
el e S el ) it Ay jall dapall 5 0 3all (e -1
. (C=C ) Sas¥l (3 (C-H ) ) 2523 (3030 cm™) e Aejall -2
. (CHg) Jiidll e sane ) 2525 (2960 cm™ ) 2ie 4eall -3
(C=0) i SN de sana M 2523 (1765 cm™) e aal) 4
L) 8 (C=C ) e sene () 253 (1649 cm™ ) 2ie Lajall -5
%Y1 (C-0-C) e sene M 2553 (1140 cm™) 5 (1225 cm™) Giesal) -6

o S el 13g) i gial) B ) gl

0 0
Il Il
HyC=C-0=C=CH, or HC=C~C~O0~CH,
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Example (4) :

The Organic Compound unknown it has molecular formula ( C;HgO) which
gives these bands : ( 3090 cm™ weak , 2700 cm™ weak , 1730 cm™ strong
;1590 cm™ strong ,1501 cm™ strong, 1450 cm™ strong, 750 cm™ weak).
Identification these bands and gave the structure formula expected for this

compound .

: (4) Jba

- S el 131 Aad siall A il Aapuall a5 aall oda Gadl (L coc)

:L;.;\y‘ ..~... . e)&j\ w~ :."L:).A

A8l s V) (C-H ) dae paboaiial (M1 253 (3090 €M ™) smy (A Aasall -1

- M) (C-H ) Lo palisiial ) 2525 (2700 €M™ ) 2508 A 4aall -2

L 2 (C=0 ) boe pabuaial ) 2523 (1730 cm™ ) 25080 (Al daal) -3

pabaial I asd (11450 , 1501 , 1590 ) om™ aie 4l salad) AN sl 4
Asles ¥ (C=C)

A8l s Y (C-H ) e sane clindl palaaiial (1 253 (750 €M™ ) 3 5m ( Aa3al) -5

A il 5 (Benzaldehyde ) s2 Jseaall (5 suanll S pall o)) mitins oSle) Sl slaall (1
P Al das il dxpall
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Example (5) :

What is your expectation for the absorption bands ( IR) spectrum for the
( Acetophenone ) compound .

: (5) Jba

. ( Acetophenone ) <S4l (IR) il (abiaia¥ o jal clilad o sl

T
Odan

D AUl A el ) seda a8 g

Al s ¥ (C-H ) Jae (I 2523 (3100-3000 cm™ ) 2 dasa -]

LAY (CH3 ) A e () 2525 (5 (2060 em™ ) addl vie dea Hsels -2

i yana abiaial ) asai ) 5 L& (1730-1700 cm™) Gl die daja Hsels -3
. s sl

Vs S5 (1600-1400 cm™T) sl die Bala 5 A asa (4-3) Lk -4
Adla g ¥ (C=C) Ac sana

( C-H ) sl (abiaial M 2523 Al 5 (1 900-700 cm™ )aall 2ic daa Hsels -5
Al Y

( C-C ) pabaial ) 25xi Al 5 (1200-800 cm™) ) vie daja sl -6
, dglady)
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da uhliadl ldlae S Al Sl (s sially S cligigll g« BANON| PENSIEN

bl Al cusdaliaal) Jlal)

SV glind Cagud Jall Bl (s siaadly (lisis nll) Genosouel) S0 mea paas JaY
G Y e dxiV) ol Jailus aixd ((NMR) Jlea 438 5l 5 ((radiowave ) 4usl ) 4dla
QlE el a Coga 5 eV A8 (5 e I JEE 5 AaiV] 02 il Cogus (a5 gl
23 iy el sl LD (5 il ) M) S (s giedd) (e BV o3 pa i o ey
iy LS 53 L3Y) o28 adge (NMR) cida 8 5,LE1 cligig ol sda Jaxi i gus Aaall

L lmy Al A STV all 5 (gl ella g o e

ISV 138 5 ol peSlaia (e G glsa B 83 93 9a (5 puaall S all Ay ja 3 cligig ) o) 3 daddl)
S5 Al o2 i gi gyl (il Cagw NMR 4ldas (8 45 al) e 45 000 ) dad) Ll die | (5555 50
Aaall o3 3 el A (5 saddl I e dal gl LRI (5 sinnall (pm JEYY 5 i g5l 038 oy i )

Ol 138 Led 3 g gall A g SISV Al o ey LedSE 3 JLEY) aBige 3L (535 0 US (ol

s ) g aall

daall 1 Jaly wblize Jae alg Wil sn osisll Je 4 syl 4lS) ()
lly aind (g5 e Jaluall syl ndalinall Jlaall g Ladiiie ()5S0 o)) L) oalalinall
Sle Lgaaall ye Sligigll jelis ((de-shielded ) wsase ne Gsignll 1aa o) Js
daadl 058 o) 5 L (TMS ) 30l ge sams o) Cumaall Jaall G4 o) cadall Ly
Caaa Ogigodl 1a o) Jgad bluadl s )il whlisadl Jlaad) am Jslall izl
e An 8 gl Al Jaall (8 ) k) ey e 4 saaall Cligig yll ek s (shielded )

Ll e gy Al a5 (TMS ) 3kl

more shielded. I

absorb at a higher field T

o} | less shielded, .

] absorbs at a lower field

(sf ) Je caa (—omia Jlae ) Jil8 s
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Chemical Shift s duiliaSlf da) Y

&8 5 (b &y gmal) LS Hall g g pal) LI ) seda oo (Abaasl) Aal W) ) iyl (S

sAasaaa (g s e Glisis ol (o eSy | syl a3l s ySIY) Al DAY e Alise

CAisaaa

D Ofillan () oS5 4 guanll LS pall (8 il g3 g ) )

5 Ot Jsa A IV AAUS A3l aali 5 dgdliia Ay I Ay B 0S5 O Wl -

arelaall ¢ Laldl puladl ¢ 8 paliall el SN ¢ () il SIYL ) Al
S sardl S pall Ay i (8 A ySIV) Al Alitall Uiy (la e 5 Axdlll
Uil L a5l Aalal 35LEY) (oS35 SRl (i 8 Bam) 5 5L Lgasan aed
lale (N 4+ 1) A8 Gadai 2 Vg ol z) 50 ) 8 el Led JeasyV 43 LS jLal
P AUl bk 5 iy jall b i se LS

_
?
CH;-C-CHj; CH;-CHj,

cyclohexane benzene 2-propanone ethane
(__ 1 signal 1 signal 1 signal 1 signal
1.44 734
1.4401.44 7.34©734
1.44 1.44 7.34 7.34
1.44 7.34
benzene
cyclohexane
- I
‘ T ‘ T ‘ ‘ ‘
3 2 | 0 8 6 4 2 0
PPM PPM
2.13

(0)
\f 0.86 —— 0.86

2.13
2-propanone

3 2 1 0 3 2 1 0
PPM PPM
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il jal) sda Jia b ciligigll oda Janis duig yKIY) daul) & Adbiaall cligig ) -
b othdil Jeasnys Al Al Cligis e sy ddlide adlge & il Ll
30 Gl s il sall b em e LSy (0 + 1) saclill o g L Ll

[ Br Cl
T
CH;-C-CH,Br CH;-CH,-Cl
1-bromopropan-2-one chloroethane
bromocyclohexane chlorobenzene
4 signal 3 signal 2 signal 2 signal
Br Cl
3.714 731 731
2.02:1.77 2.02:1.77
1.53;1.43 1.53;1.43 7.26 7.26
1.46;1.44 7.20
bromocyclohexane {\
‘ \ [ ‘ \ \ \ [
4 3 2 1 08 6 4 2 0
PPM PPM
Br 3.42
N
4.46 1.49
224
\ \ \ \ ‘
5 4 3 2 1 0 4 2 0
PPM PPM
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() Llal) s a Ll aladiind Y uldl o) Mlale

>
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.M. S
Ve i
/0 Py y
Qo
16 7

oA il 5 ana) sald) 5L (1) il 8 el Ay (§) Lol B iaal) A Jiad
. ((CH3)sSi ) (TMS ) ol Ui ool 0o 55k
s
H3C—8i~CH
CH,

-2 Al Gl 2 g (NMR) ik (3 s jeS 3alall o8 LIRS s )

180 oS ALl a ol 5 (Rsaae ) comal dulle ¢ 5S5 33U o3 3 gl o -1
O3Sl e bl 0S5 G bl A3l )

BoLS) amy Wi Lal el 5 alall o2 (e Lina 81 ()65 4 puand) LS ) cligig p -2
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Al 8 Agliid) Cligigpll (e e G cllia Al sas gl A saall saldl -3
3 ga8 dgalal Bas) 55 LA Balal) sda aad IG5 sig 0 12 Waae Al g Ay g i3SI
LOsisx 12 4
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38 ) el — & pual p ghall g 511 A0S — plaasl) andd ) Aaan Cpealy 2



&l - Gl (g gpanl) (a il

/"“ % ) \

CH’; "o Pt

Ji . \ G »

Hic—si—CcHs  Tetramethylsilane @ :
CHg

- 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.

-1 TH-NMR 4k b daga cilliadla

0S5 ) (down field ) sl ) Jaadl & Cadall oy e seday ) (shielding ) Las
. TMS 3LE1 (e g 8 5 40kl 5 Al 40LueSl) Aa) HY) dad

Laa 8 adead 5 (5ol Jon 4 yiSIV) ABEKY e JIE5 <l g S dpaladl asalanall - 2
dad 585 ) (up field ) S dadl B bl b Je jeday 61 (deshielding )
. TMS 5L (e B s dlle 4l 4l 4a) 5Y)

Leild Al 5 Y1 i giguall Ll Cadall (e o el AladY) ciligig ) gl ale JSG - 3
il iy o ek

S el Dl HLE) pe cudall 3 LS JAlanY S Eligig p e (o siady Glnda aladiul 24 - 4
e Y O...\;_,JJ:\.@J\):\E}(DZ)?_,&)%\JS\ ‘L’\J.JQA‘;L“SJM Gluda e\diﬁ.u\ 9 dj..aal\
il gl bz ade 4l Gl My 2 a ) asoball JESH saedl ¥ (HY ) Cos sl
NMR b & Jlad e

(14 —0) ppm O 758 Aaall 556V & 'H-NMR 4l Al 3a)3Y) — 5
. (0) b
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Sample 'H NMR spectrum
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CH,0C(CH;);
(CH3)sC~
downfield upfield
direction direction
=
B3
&
E CH,0-
T™MS
reference
5scale — 10 9 8 7 6 5 4 3 2 1 0 '
chemical shift (ppm)

CHsF CHaC)

4.6 3

H

H—O—C—

H »

.J

less shielded
lower field (downfield)

more shielded
higher field (upfield)

L , U
) 8 7 6 5 4 3 2 1 0
4 (ppm)
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¢ I (NMR ) islal olilad 55 a Lo : Jlie

.'f k\.
/""‘%§~1E//fj;!_ ) "
(\ Pi-r-ﬁi:——-(f-——l--()--—-(i:’j
R

300 =00 1 OO0 O

HO — CH,— CH,

SEmly |

. 241 L4 £ 44 . LAY L1 A (S Lal sy L4s (o 141 Led L1 ray
.0 5.0 4.0 3.0 2.0 1.0 O
S (ppm)

d—

=t TH-N.M.R sk b @) JLaY) (e cilaliiiu) g i gil)

& 325 gall Aanlly ABALL g yuel) 3 22 Ao Ja capdall 8 &l LAY 2e o) — ]
S

gl (5 pumall S pall i 525 sl e gl £ 55 e Ja 058l 5LEY) gige — 2
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L Osis Axpla g g5 e
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. g sand) S )l
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NMR Signals

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

* The Jocation of the signals shows how
shielded or deshielded the proton is.

* The intensity of the signal shows the
number of protons of that type.

 Signal splitting shows the number of
protons on adjacent atoms.

b THNMR

O CH,

| CHy—C— CH} —C—CH,

OH

6 (ppm)
cal il g il e &) Ua &)

Giob oo AY) Gandl e loiany i (5 guandl S pall A e 35 ) slatiall clisis ol ()
s aligigyll s Lal jUadsl )3 jalall sda gaiig ( Spin coupling ) ! z)s33) 3l
Ost9ll B slaall Cligi gyl axe Jiay (n) s (n+1) WD Al el HUSSY) 12a
Grdad sl Al all 28 G gig ) 8 G pUkdaY) dae Jiad (N1 ) Jlaiall Ll A pall a8
febiiall i ) Lal ¢ Jasd A g iSOV Al 3 Aslisal) i gig ) Al 8 (] ) A
Al ldde (N + 1) Ball e ai Vs aoal ) 5350 5_ala Lt Jmny S i 5 IV Ally
Gl Uil A8l o3 addind 5 Lgildl 8 el Led JeansV (o) dalal 5 La) s

_utauimbad@géa@wjzﬁuu\JM\gﬂm)w\

A JSAN ¢ 085 el JUadiy) o3a g
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DY) A

BJL&Y\ t}.’

LL\\JLEJJ‘}“JJQ
(n+1)

G g3 g ) 2ae
3 slaall

(n)

Singlet (S) &l

0

doublet Aol

(d)

triplet (t) 453

2
3 2
1 33 1 quartet  (q) el 4 3
1 46 4 1 quintet LENDEN 5 4
1 510 10 51 sextet sl 6 5
Badxie Uil A multiplet (m) 32 9¢8¢7 6

Example
|
M —¢-c—
HQ P:t-‘
2] —C‘CT:—
1
He H,
{3] —CH,CH,—
G |
Ha Hy
(4] _C":;'C?s
Ha Hy
55 —C-CH
H, H,

Pattern

L1

H

al
Tu Y
i

H,

H

5 .

H

L p—

Analysis (H, and H, are not equivalent.)

* H, one adjacent H, proton === WO peaks - ==-= adoublet

* M. one adjacent M, proton -—== WO peaks -==- adoublet

e H; two adjacent H, protons === lwee peaks =-~=- a triplet

* M. one adjacent M, proton === WO peaks -==-= adoublet

* M. two adjacent H, protons - = (hree peaks ----= 2 triplet

e H, two adjacent H, protons ----— Ihree peaks --—-= a triplet
H,: three adjacent H, protons -~~~ four peaks === aquartet*
H.: two adjacent H, protons = three peaks ~--- atriplet

e M three adjacent H, protons -~ four peaks - === aquartet*

* H,: one adjacent H, proton ~==-= two peaks -~—=-= adoublet

43
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ethyl 'bromi!e a

a b

a triplet 3H
b quartet 2H

|
'
|
ﬁ ’
l‘( v | v | v | b | b | o 1 v | | | | | | v | bd I ]
11 10 = 8 7 s b - 3 2 1 0
- Q0TS PP
<H
<\ 3
Q\‘\t“c‘
CH;CH,CH,CI |
&‘
- U/ L

o o
CH,=-C~CH,
| 5 ]
!
Hy, Hy H,
2-bromopropane
'
At
L2 Z B A A B B A B A A A B S B B 20 2 B Sn A AR A S R 2 BN AN SN N BN 28 BN BR 2R AR B AN S AR SN 2N A S A AR Sn BN SR Sh BN AN AN B AN S S AN S AN BN 2R A0 B SN 2N AN A SN AN AN BN 2N BN B AN e A
2 7 6 5 4 3 2 1 0
Pem
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1800 1500 1200
T T I
Br Br
B \C C/ Hb )
r ] Y — T— al
;N T
H* HP /£
1 1 i I 1 1 1 1 l 1 1 1 1 I 1 1 1 i l 1 1 L 1 I i 1 1 1 I
6.0 5.5 5.0 4.5 4.0 3.5
8 (ppm)
| ‘ OH2 SOH i b| oHz SOHZ |
| 2 BT |
| i /|
| = 6 8 L OS[[1]]]] R L
CHh O ‘ [
il - i S Il 1l L el il i L1008 O
_CH—C—CH; | | 6
rrrrrrrrr CH3 IERERTERETERT 3
T | |
| | | |
‘ ‘ \ 3 K
| | E ‘
| - LRI L S B = L= 1.26 1.18
7 6 5 4 3 2 1 0
o (ppm)
- 1 a
p-diethylbenzene s
a b c b a
CH3CH2~@CH20H3
<
a triplet 6H
b quartet 4H b
| € singlet 4H 2 CH2
|
A
] 8 ! = ] ] | 3 I s i s ] . I L i > 1 = ]
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dawl| 8 po ol
s A alag W) A_alaiy
A5 IV A0l s 8 (e Lgraen (lagrall gae (i) dlla Cligig p 8 Ml S0 LS
JM\L@_“\ALLAM\)’&\(73)(6) MUM\WEMJB\Bh\JaJM\LW}GLﬂ&ﬂ
LASJ.LQ—“\X-G(n+1)&M\é...\..\L:\e:\.QYJe‘)-.\S\G‘jij\s)ﬁ%tﬁédadéﬁy&yw)m\&

7.34
7.34 7.34
6 H
7.34 7.34
7.34
benzene
8 7 6 5 4 3 2 1 0

Al i g L JSE Jsa cilaadle sae clligh um grall dlas,Y) LSl 6 Ll
Cum Aila s, W) Alal) 3 A gaal) e sanl aisa 5 a5 g 58 oo e 13 5 Ailas Y]
A3 e Yo dumbl 5 | (8) ool "5 (8 — 7 ) saall e il 3h IS ks
G AL S a8 (s ) LS e gt
b Ol |5l adgall (B (yiida gra (0 pana g2 g Al (8 -1
13gd 5 4un g yiSIV) Ayl dabisg A8lall cali g3 g ) (e e o3 Slia o) oS5 g AllA]) o2a a8
b Cum i) 03 il Uil pean L 5 ol )50 51 5 el S g
s ((doublet ) il oy )Ll AGlall o 55 5 (and 8 su (o) A0S B LA (55 0 IS
G LYY (el LS L5 oS Camas s oY) iams s ¢ (pslida cynd 5o
A AERY) 8 e g LS s At ey ;L3I aet s

24 TZH H H
'\/:’ M C"Q—Er
2 =+ H H il
' l
44 H /!
|

‘o 9 8 F 6 <€ 4 3 2 A o
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2.19

7.06

7.06

7.00

7.00

2.72

1.18

1-ethyl-4-methylbenzene

6 5 4 2 1 0
PPM
709 723 1
219 H3C o
709 723
1-(chloromethyl)-4-methylbenzene
\ [ \ \ \
6 5 4 2 1
PPM
738 7.22
O— 328
4.80
738 7.22
1-chloro-4-(methoxymethyl)benzene
[ \ \ [ \
6 5 4 2 1 0
PPM
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b Oigbeiia 1k ad gall (A (il g (S gana 3529 Jla (2 -2
My‘J@Jh))ﬁ&\m‘unwuuﬂjﬂ\wh\j&y&ﬂ\_& ué:dl;j‘b%‘fﬁ
Ay )Y Sligig ol et Cagn 5, La (N1 ) saclall 3udad Y g ol ) g2 3] 3 jalls Lead
o se LS g gy Ayl () 2 sad Sl i & dpalal 5asl 5 3 LEI s (py yiall dalal

: A0l ALy b
/ Cli Cl

1

/0 q & &€ 4 3 & 3 o

9 8 7 6 5 4 3 2 1 0
PPM
701 7.0l
2.19 H3COCH3 2.19
701 701
p-xylene
I | I I I I I
8 7 6 5 4 3 2 1 0
PPM
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s Uina gl o590 adgal) b (yda gail) il g oy gal) Lpala) (p 3) Adla s L8 3
& 5a (A ey delisa @l HLdl Aslald) Qujzjﬁ‘;kdqy LSl a&@a.}o}é
sl Al ALY ColE s da gl Ao senall pisey dapla caws dilid
; AUl ABGY) (8 e e LS 5 | Aduliie pue 320w 3 LA) aatl pradil (o gun ) HLEY]

(o 9 3

I Joano = large
Jinew = medium
Br Jours = small

k‘. s‘
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Cl
731 731
7.26 7.26
7.20
chlorobenzene
T T T T T T
8 6 5 4 3 2 1 0
PPM
7.40
Cl
7.20
7.10
Br
7.60

1-bromo-2-chlorobenzene

6 5 4 3 2 1 0
PPM
7.72
Cl Br
7.32 7.45
7.18
1-bromo-3-chlorobenzene
I I \ \ \ I
6 5 4 3 2 1 0
PPM
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Al (5 gl audal)

1 (8) bl (TH-NMR ) ciuha b il g gll Apilaassl) Aa) Y1 28) 5

4s ganal) ligig u:zﬁf de ganall ligig u:zﬁf
TMS 0.0 R-CHO or Ar-CHO 10-9
CH;-C 1.2-0.9 |R-COOH 12 -10
C-CH,-C 1.3 Ph-OH 9
-CH- 1.4 Ar-OH 10.5-9
CH,-C-O -C=CH 3-25
CH,-C-Ar 19-12 |CHx-(1,Br,Cl) 3.6-3
CH,-C-C=C- CH,-O-R 3.6-23
CH3;-C=C 1.9-1.6 |CH;-O- 3.8-35
CH,-C- (CI ,Br, I) 2-1.6 | Ar-CH,-Ar 4-3.8
CHs- (Ar ,N,CO ,S) 2.8 -2 Ar-NH, 4-34
Br-CH=C- 7-6.6 (Br,Cl) -CH,-CN 4-3.7
CH=C-(Ar,CO ,OR) 6.2—-4.6 |[Ar-CH,- (Br,CI,OR) | 45-4.4
Ph-H 7.3 CH,CI 3
Ar-H (‘benzenoid) 8-6.6 R-OH 5-3
Ar-H( nonbenzenoid) | 8.6 -6.2 | R-CO-NH- 7.7—-6
CH-C CH=C , CH=C ;A i ddaa Dl
S SP? , SP i el
~1 ~2 ~3 0
. alada

S Cilaslaa geal Juaill 138 8 slaxall AeY) 8 il pll ALasl) dal Y1 gl se Lo S5 aa )

51 S Aaaly — 43 puall o glall A i) A0S plias!) and

(LS el pandli 8 Leie 3L &l LAY aB) 9o e
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P PRAEIN]
t Ay gudanl) Syl il (A (TH-NMR ) syl
( Application(*H-N.M.R) spectrum in identification organic compounds)
Example (1) :

Identification the Organic Compound unknown which gave him this
(*H-NMR) spectrum figure and the molecular formula ( CgH,OCI ) with
explain relative signals .

: (1) JBa

s A all dirua s Jal J<G) A (TH-NMR ) b ae) ) (5 ) S yall pads
Ll LEY) Aile i 8 aa (CgH,OCI)

: L”;.;y\ ..~..~ . .“! S\ OA

0]
Ph-CHj 5 (CCHs yie sanall L3 cilisiy ol LV 2 5ai (2.2 ppm) i dla¥) s Lay) -]
A5 obe s V) Alad) iy ) 355 (87 ppm ) e Aibind) Al 551 22
COfialiaL e senar (P-) 100 @dse (A Uiy sl
DB S all dad el S il jall -3

0 O
Il Il
Cl C—CH; '\(fr_,' H;C C—Cl

52 ) el — & pual p ghall g 511 A0S — plaasl) andd ) Aaan Cpealy 2
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Example (2) :

Draw the ( *H-NMR ) spectrum for the Organic Compound ( 2-butanone )
with explain relative signals ?

: (2) Jéa
¢ 2l HLaY) 4paile a5 ae (2-butanone ) «Sell (*H-NMR ) il an )|

: Jadl

- Al o shadll ais Jlgad) 138 Ja B
Q
. ((CH3"C-CHy-CH ) (€ jall 208 i Arguall (€5 -]
L ligig ll g giaaas D
LY JSE 4
k) oy -5

ch, EW ) CH, ¢a)
2 i

~ |
o 4
— 1
o i
S
————
———
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Example (3) :

The Organic Compound unknown it has molecular formula ( CsH100; )
which gives these signals: singlet (2.2) and singlet (2.8) by measurement (5).
Identification these signals and gave the structure formula expected for this
compound ?

: (3) Jbie

4_15\_\]\ c_i\J\.u\}[\ GL::—\ ( C6H1002 ) 4_1.1.1);3\ 4.1:.\.;4 JJ.GAA ng.a..ac (_\SJA
mS)J\M\Ls\ju\JuY\um (0) i (2.8 ) e Anlal 5 (12.2) e Al

S el 3] il

: Jad)
Y1 il (e i

Sl Sl o) (e Ju (8 — 7)) sl die 3 L) s g ae -]

(CH5-C=0 ) i s S Jiiall e gamal 3503 (2.2 ) e dala¥l 5 LaYI 2

(CHp-C=0 ) il 3 5a3 (2.8 ) aie dala¥l s_LaYI -3

Cinca lanie 1y Al cligissd) o) e Jay b (sLa) <lal aa Y 4 Ly 4
abaaill (8 Cligigyll A SV Aol et L Cligis g (o8 dadilall il
.( CH3-C=0 5 CH3-C=0 ) b5 Sl ks Lelii s (3 52)

Dt S el dad gl dns gl dxpall ) (61 -5
@) O

Il )
CH;-C-CH,-CH,-C-CHj;

Example (4) : (HW)

Draw the (*H-NMR) spectrum for the Organic Compound (ph-CO-CH,CHs)
with explain relative signals ?
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: TH-NMR cish b Jilesa

Q1 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C3HgO ) with explain relative signals .

PPM

Q2 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgH1O, ) with explain relative signals .

PPM

Q3 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C,H,Cl, ) with explain relative signals .

55 ) el — & pual p ghall g 511 A0S — plaasl) andd ) Aaan Cpealy 2



&l - Gl (g gpanl) (a il

Q4 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgHy9O ) with explain relative signals .

T ‘ T ‘ T ‘ T ‘ T ‘ T T
8 7 6 5 4 3 2 1 0
PPM

Q5 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgH;OBr ) with explain relative signals .

Q6 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C¢H1003 ) with explain relative signals .

PPM
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Q7 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C¢H100, ) with explain relative signals .

PPM

Q8 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C1oH140; ) with explain relative signals .

I I I | I I |
4
PPM

Q9 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C14H1,Br, ) with explain relative signals .
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Q10 : Identification the Organic Compound unknown which gave him this ( ‘H-NMR)
spectrum figure and the molecular formula ( CgH100 ) with explain relative signals .

Q11 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgHgBr, ) with explain relative signals .

Q12 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgH100 ) with explain relative signals .
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Q13 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C,H,O ) with explain relative signals .

| |

10 8 6 4 2 0

Q14 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( C3H;ON ) with explain relative signals .

8 7 6 5 4 3 2 1 0

PPM

Q15 : Identification the Organic Compound unknown which gave him this ( *H-NMR)
spectrum figure and the molecular formula ( CgH;,0, ) with explain relative signals .

"H NMR spectrum

L

SR8 280 R AR A2 AR At AR AR ARSI AARR2 AR SRR SRR RARRS AR RARRSARRSLARARRARRARARY

6 5 - 3 2 1 0
ppm
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Q16 : Identification the Organic Compound unknown which gave him this ( ‘H-NMR)
spectrum figure and the molecular formula ( CgHj, ) with explain relative signals .

"H NMR spoctrum

vvvvvvv

Q17 : Draw the (*H-NMR ) spectrum for thes Organic Compounds with
explain relative signals .

(a) " ou (b) Cl\/\Cl (¢) CH;-CH,-CHj

0O CH;
/ Br
(d) /’\/\n/ (e) g () @
@) Br

g
o S v C
H;C CH,
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: Al el sall (TH-NMR ) ciadal < LY aae Jadd Jac ) ; 18

N

Ve

CHy
CH3-CI-CH3 CH3—CH2—Br
Cl
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CH;-CH,-CH,-Cl CH;-O-CH,4
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CH, CH,
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CN-CH,-CH,-CN CH;-CH,-C-CH,-CHj

H

|
HO-CH,-CH,-OH CH;-N-CH,-CHj

C ) C )

J

CH;-CH-CHj;
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CH;-OCH,CHj
C )
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CN
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CH;-CH-CH,

Br-CHz-CHz-CH2-Br
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: 13C @3 and (Chemical shift ) dxbeasll 4a) ¥ adl g

Approximate Values of Chemical Shifts for ''C NMR

Type of Approximate Type of Approximate
carbon chemical shift (ppm) carbon chemical shift (ppm)
(CH .S 0 C—] 0-40
R—CH, 8-35 C—DBr 25-65
C—QCl 35-80
C—N 40-60
C=C 65-85 C—0 50-80
R
N
/( Ll @ 165-175
C=C 100150 —N
—\\ R .
\ C 110170 /( () 165175
/ RO
R N
_C=0 175185
HO
R N
Co=0 190-200
7
H
R
N
Ce=0 205-220
7
R
o
'3C NMR spectrum of /(Ié\
CH; “OH
=
2
o
- — c=0 CHy —
e S R S S w e e st yerra AT
200 III;éO' | 1é6ll"l;éol 1 1écl)ll]ll;6cl)l l8]c)lll|ll'6|0"'["’4]0"l[l'l2]0" | | l’o
ppm
chemical shift
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: BC-NMR i o AL

1-Propandl ¢ NMA spectra
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128.5
128.5 O 128.5
128.5 128.5
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\ ] ] \ \ \
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Cl
1324
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140 120 100 80 60 40 20 0
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213 128.9
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140 120 100 80 60 40 20 0
PPM
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: BC-NMR digh & Jilua

Q1 : Identification the Organic Compound unknown which gave him this (*C-NMR)
spectrum figure and the molecular formula ( C¢H100, ) with explain relative signals .

I I | I ! I I I I I
200 180 160 140 120 100 80 60 40 20

PPM

Q2 : Identification the Organic Compound unknown which gave him this (*C-NMR)
spectrum figure and the molecular formula ( CgHgOCI ) with explain relative signals .

\ \ \ \ \ \
140 120 100 80 60 40 20 0

PPM

Q3 : Identification the Organic Compound unknown which gave him this (**C-NMR)
spectrum figure and the molecular formula ( C1oH140, ) with explain relative signals .

[ \ \
160 140 120 100 80 60 40 20 0
PPM
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Q4 : Identification the Organic Compound unknown which gave him this (*C-NMR)
spectrum figure and the molecular formula ( CgHyo ) with explain relative signals .

[ \ \ \ \
140 120 100 80 60 40 20 0

PPM

Q5 : Identification the Organic Compound unknown which gave him this (**C-NMR)
spectrum figure and the molecular formula ( CgHgBr; ) with explain relative signals .

\
140 120 100 8‘0 6‘0 4‘0 2‘0 0

PPM

Q6 : Identification the Organic Compound unknown which gave him this (**C-NMR)
spectrum figure and the molecular formula ( C4H1,0 ) with explain relative signals .

\
70 60 50 40 30 20 10 0
PPM
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Q8 : Draw the (**C-NMR ) spectrum for thes Organic Compounds with
explain relative signals .

() < Don (b)) BN\, (o) CHyCHCH

O B
o O
O Br
<
o S v C
H;C CH,;

Q9 : Identification the Organic Compound unknown which gave him this (‘*H-NMR)
and (**C-NMR) spectrum figure and the molecular formula ( CsHyCIO, ) with explain

relative signals .

‘HNMR o P IH

nt il

PrYTT LYY YYY vvy TYYTYYY 711 TIITYYY 1~ 1v'vvfr erY vyvvvvgvvmvvvvyvvvr
8 7 ) 0

BC NMR oI P
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Identifying fragments in the
mass spectrum of hexane

Cleave this bond.

CHaCH,CH,CH,CH,CHy =  (CH4CHACH,CHCH,—CHyJ** =+ CH4CH,CH,CH,CH, + CHs
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ol (CH,).CHBr
molecular weight = 122, 124
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= — two molecular ions
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mix

Mass spectrum of
2-bromopropane [(CH,),CHBr]

Bromine has two common solopes, Br and *'Br, which occur naturally in a 1:1 muo. Thus,
there are two peaks in a 1:1 ratio for the molecular jon of an alkyl bromide. In the mass
spectrum of 2-bromopropane (Figure 13.4), for example, there is an M peak at m/z = 122 and an
M + 2 peak at m/z = 124,

* When the molecular ion consists of two peaks (M and M + 2) in a 1:1 ratio, a Br atom is

present in the molecule.
C3H/Cl @ ghsnousis-2 ik 7
100
-4 (CH) CHCI )
molecular weaight = 78, 80

two molecular ions

height mtio: - 3:1
mjiz=78 mizx=80

Rolative abundance
&
1 1l

Mass specirum of
2-chioropropane [(CH ), CHCI)

Calculate the molecutar weight using each of the common isotopes of Cl.

Molecular formula Mass of molecular ion (m/2)
CaH,*Cl 78 (M peak)
C-H,7Cl 80 (M + 2 peak)

There should be two peaks in a ratio of 3:1, at m/z = 78 and 80, as illustrated in the mass spectrum
of 2-chloropropane in Figure 13.3.
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Pentane, 1-pentene, and 1-pentyne are low-boiling hydrocarbons that have different molecutar
ions in their mass spectra. Match each hydrocarbon to its mass spectrum.

100

molecular ion
m/z= 68

Relative abundance
wn
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0O 10 20 30 40 SO 60 70 80 90 100

4 2]

molacular ion
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8
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T .
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100
31
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8 |
= =
§ i lecutar i
mo r ion
s
) '
0 —4 | |lrrervl'|117rT
0 10 20 30 40 50 &0 70 80 80 100
miz
Molecular Molecular weight =
Compound formula m/z of molecular ion Spectrum
pentane, CHﬁHgCHgCHQCH:, C5H12 72 (3]
1-penlen9. CH; -CHCH20H2CH3 C5H|° 70 {21
1 'pentyne. HC . CCH2CH2CH3 CSHB 68 [1 ]
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