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Functional Wave number Functional | Wave number

group cm ! group cm’!
Alcohols
primary OH 3640 Pgele;mls 3610
secondary OH 3630
tertiary OH 3620

: Acids _
Thiols SH 2600-2550 3000-2500

OH

Amides NH, 3366-3170

51




2.5

o) yaad) caad dadSU 48 dat AV,

wavelength (um)

1001~

S 53 § 7

EEEREERERBeya. - L IRAEEH AEAE
('

12

1]3 l[4 1|5 1.6

80|

60

40

T e

R

i s : SR B Vs
il 0 S N 7
i [[i4] L[] ‘ ‘ ! [ [k |
| | e | £ ML IEE | ‘
8] A |
[ N THITE ]
s TR H 3
- M :
LR ks
i T | |
T
A +
N L
C

i i | |
0 “ ‘ [ ‘ ‘ [ ‘ T

e CHy(CH) CHy

(a) n-hexane

3500

3000

2500

2000 1800 1600 1400
wavenumber (cm'])

1200

1000

800

600

52



wavelength (um)
2.5 3 33 4 45 5 55 6 78 910 11 12 13 14 1516

1 ;w:?Vﬂfgglniﬁ“g sans il aanaa (b reaa: (A EAERR DU AREARREANESEXSCETERERI M MM A M E N S N NE P
L QI e OO A BT /‘;\V/\ﬂif
| [ RS i

i i

/!

; v | \

R R R AR NARHNGNARAANR Y RRRERN M (RURTARTRANRETS) SLANNNLAY (eI E WA WY

A0 Al M G EETVSHH S SRR A ARINAR [ﬂ | /
i ‘::ji NRESHNREZEAL 1’\ [l LA /\ | ‘

u 1l e i 11 A eI |\ | ‘ v

stretch RSN

(b) 1-hexene T
il il | L 1] \ 3 ;
i alkane i m

T
{
: HHHAN FU LI | | ‘

v _ i \ T ‘ I \ [HETT T ) :
HI:. 4 .-. e .. 4-! .‘“ 1BE !,r C.__H 2 Ai‘< gt :._,. H. ‘, i .L,.r \ «, g 1~ ,, L e s (ot S S
SO et U MEHIRLEVAREENAES e e IR

il {1t PR EL L | R PN EN j i1

i il 0 B 40 N e S\ s R M e
200 A HH

80

BRE=Z;

e e e e

3080 T
i =C—H st

60

I IHRR

HELELT

40

i e e e e i

MOZ>—A—-A—=w=Z>2 -2 |
: — 5

o v
S
v

it SU’EICh ‘,l s 1...‘ 3 i F ‘
T R PTTTTT TSN

o

N

Hili AT ..r% el HTTE LT J U

L L 1642 C=Cstretch | 1L | C—H bending LILL | I
R e A R G S E N R E N

2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber (cm"')

0
4000 3500

3000

53






40Y) LS sal) L_=-°' AL cile ganall (aluaiel) dad ol

1 2
1' CH3CH2CH2CH3

1- CH;-, 2- CH,- 3000-2850 cm!

1 2 3 4 5
2- CH3 CO-CH=CHOCOCH3

1,5- CH;- 3000-2850 cm! 2- CO (ketone) 1725-1705 cm!
3--CH= 3100-3000cm! 4- CO (ester) 1750-1730 cm!
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1 2

3- CH;NH,
1- CH;- 3000-2850 cm™ 2- NH,- 3500-3000 cm!
SH 4
4 s5HO CN 3
7 6
HOH,C 9 TH 2
HS CH; 1

1- CH;-, 6- CH, 3000-2850 cm!

2- NH- 3500-3000 cm-! 7- OH (primary alcohol) 3640 cm!
3-CN 2260-2240 cm! 8- CH (aromatic) 3150-3050 cm-!
4- SH- 2600-2550 cm! 9- C=C (aromatic) 1600-1475 cm!

5- OH (phenol) 3610 cm-!
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CH; 4
1 2 3
5- CH,COOCH,CH-OH 5

1,4- CH;-, 3- CH, 3000-2850 cm! 2- CO (ester) 1750-1730 cm-!
5- OH (secondary alcohol) 3630 cm-!

3 2

CONH, 4

1- CO (anhydride) 1810-1670 cm!  2-NH, amide 3366-3170 cm-1

3- CO (amide) 1670-1640 cm! 4- CH (aromatic) 3150-3050 cm-!
5- C=C (aromatic) 1680-1600 cm-1 6- CO (aldehyde) 1740-1720 cm!
7- CO (carboxylic acid) 1725-1700 cm!

8- OH (acid) 3000-2500 cm-1
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7- (|:—CH3 2
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1

1- OH (tertiary alcohol) 3620 cm!

2- CH;- 3000-2850 cm!

3- CH (aromatic) 3150-3050 cm!

4- C=C (aromatic) 1600-1475 cm!
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Benzaldehyde
Acquired: October, 2017
Frequency: 60.0 MHz
Solvent: CDCl;
Concentration: 215 mM

Total time: 1.2 min
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1- C;H,Br, has signals at 6 1.0 (s, 6H), 3.4 (s, 4H).

Berc

CH;

C

CH,

CHzBr

2- C;H,,Br, has signals at 6 1.0 (t, 6H), 2.4 (q, 4H).

Br

CH;H,C

C

Br

CH,CH,4
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3- C;H,,Br, has signals at 0 0.2 (d, 6H), 1.5 (m, 1H), 1.85 (t, 2H),
5.3 (t, 1H).

4- CsH,(Br, has signals at 6 1.0 (s, 9H), 5.3 (s, 1H).

H;
i - Br

H;C C CH\

/ Br

H,C
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S- C;H,,Br, has signals at o 1.0 (d, 6H), 1.75 (m, 1H), 3.95 (d,
2H), 4.7 (q, 1H).

H3C\

~

H,C

CH——CH——CH,Br

Br
6- CoH,,0O has signals at o 2.1 (s, 3H), 3.5 (s, 2H), 7.1 (m, SH).

CH,COCH;
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7- CoH,,0O has signals at o 1.1 (t, 3H), 3.6 (q, 2H), 7.2 (m, SH).

COCH,CH;

8- C,,H,,0, has signals at o 2.1 (t, 6H), 3.8 (q, 4H), 7.3 (s, 4H).

COCH,CH;

COCH,CH,
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9- C;H-Br has signals at 6 3.0 (s, 3H), 7.12-7.4 (dd, 4H).
CH,

Br

10- CgHyBrO has signals at o 1.2 (t, 3H), 3.5 (q, 2H), 7.2-7.4 (dd, 4H).

OCH,CH,

Br

11- C.H, Br, has signal at 6 7.2 (s, 4H). By

Br
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Gl yall 03gd 4 3 Adpal) (53
1- C,H;0,: 1.26 (t, 3H), 2.3 6 (q, 2H) and 3.6 o (s, 3H).
The compound is CH,CH,COOCH,
2- C,H,,0: 1.26 (t, 3H), 3.0 6 (q, 2H) and 7.4-8.0 6 (m, SH).
The compound is Ph-COCH,CH;
3- C,oH 4t 1.36 (s, 9H), 7.2 6 (m, SH).
The compound is Ph-C(CH,;),
4- C,0H,,0,: 2.0 0 (s, 3H), 2.9 o (t, 2H), 4.3 o (t, 2H) and 7.3 0
(s, 5SH).
The compound is Ph-CH,CH,COOCH;
S- CgH,N: 3.7 0 (s, 2H), and 7.2 o (s, SH).
The compound is Ph-CH,-C=N
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6- C,H.C1,0,: 1.4 3 (t, 3H), 4.3 3 (q, 2H), and 5.9 5 (s, 1H).

The compound is CHCl,COOCH,CH,
7- C,H,,0: 0.9 6 (t, 6H), 1.6 6 (m, 4H), and 2.4 5 (t, 4H).
The compound is CH,CH,CH,COCH,CH,CH,

8- CH;,0,: 1.5 6 (s, 9H), and 2.0 o (s, 3H).
The compound is (CH;);CCOOCH,

9- C;H,,0,: 1.2 6 (d, 6H), 1.6 6 (s, 3H) and 5.0 6 (m, 1H).
The compound is (CH;),CHCOOCH,

10 - C,H,,0,: 2.1 8 (s, 3H), 5.1 & (s, 2H) and 7.3 o (s, SH).
The compound is PhCH,COOCH,

11- C,,H,,0,: 1.2 5 (t, 3H), 3.5 8 (s, 2H), 4.1 6 (q, 2H) and 7.1 & (s, SH).
The compound is PhCH,COOCH,CH;
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12- C,(H,,0,: 1.5 5 (d, 3H), 2.1 5 (s, 3H), 5.9 5 (q, 1H) and 7.3
5 (m, SH). on
3

The compound is |
PhCHCOOCH;,

13- C,H, Br,: 2.5 0 (d, 3H), and 5.9 o (q, 1H).
The compound is (Br),CHCH,
14- C;H:Br,: 2.4 0 (m, 2H), and 3.5 o (t, 4H).
The compound is BrCH,CH,CH,Br
15- CgHyBr: 2.00 (d, 3H), 5.0 0 (q, 1H) and 7.3 6 (m, SH).
The compound is

H
Br—C _CH3
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16- C,,H,,: 2.9 0 (s, 4H), and 7.2 6 (m, 10H).
The compound is PhCH,-CH,Ph

17- C,,H;N: 1.0 & (t, 6H), 2.5 & (q, 4H), 3.6 5 (s, 2H) and 7.3 & (s, SH).

The compound is A
und i
HC— N~ cm,

18- C;HCl10O,: 1.76 (d, 3H), 4.5 6 (q, 1H) and 12.2 8 (s, 1H).

The compound is C|

|
CH,CHCOOH

19- C;HCl1O,: 2.8 6 (t, 2H), 3.8 6 (t, 2H) and 12.2 6 (s, 1H).

The compound is (|:|

CH,CH,COOH

20- C, H,,: 1.2 3 (d, 6H), 2.3 5 (5, 3H), 2.9 & (m, 1H) and 7.0 (s, 4H).

The compound is
H3C‘QCH(CH3)2
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21- C,H,,0,: 1.3 6 (t, 6H), 2.4 5 (s, 2H) and 4.2 (q, 4H).
The compound is CH,CH,COOCH,COOCH,CH,

22- C;H,BrO,: 1.2 5 (t, 3H), 2.9 5 (t, 2H), 3.5 o (t, 2H) and 4.0 6 (q, 2H).
The compound is BrCH,CH,COOCH,CH,
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Mf __,m" +m

[A-C(0)-CH]™ » [A-CO)]" + CH;
m/e =120 m/e =105

m = (1057 / 120 = 91.88

237



(0

0
C,H,0,

m/e =148

(J

CH,

X

+ .
- CO, (neutral)
(44)
C,H,0
m/e =104
-CO
Co,
(or - C,0,)

m/e =76

+ .

- CO (neutral)

m* = 55.5

>

»

CeH,
m/e =76

- Csz
(26)
(neutral)

.

CH,
m/e =50
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izl 0 &l olegasall 1ol Jlas]

Multiple charged ions wlewidl 65i2i wligVl
ab uicg Wis Jloas Yl lis 0g b Wle Sy M 8T ol it Joms oligh eSa) Jloas] dla
T e 1835, ugS alsll b 8 clighl ois
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sy wlgd wgSUiB15  squm o8 @bl ld WliguSIVl e dojs | MY usSis ol Adac plios
ol ados) oMl &8l o (sisVI asdl Jias @8lall o &Sl 0ing .dgasll OLS o)l plans)

ole S all, le Sgizg radical cation M* wigslS > e oo ble 8 izl wglVls
50-70 sga> (9 ddll oo dsleg T, 5, N, O Jis 6ugs)S g 8,5 0 NON-bonding a=lg we S|
Soiy s oSy sl 8amg 8 lpie wwis)l GSar A8lS Gy il UgVl LugSi Ulaal clldg eV,

wozi Lyl Gy 18 oS L ALl (58 sl Cligd LusSig vl LVl 59 bailgyll pams peanSi o] L
)l Sady 18 sl Slgl eslai ol LS @l a8l 0is G Lsivjl UVl (88 iy balels
wedvpadl UVl &S e ST aaliS Ll (usSs

sSiall (59 aglouSl bulgyll 693 (sle doisi Sl e Al CligsW Gl 8,390l Ol LS5 LS
oxs gl (il ol g,58 ol (sllaw 98 5 ecsjall S ellisy
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s ST LS Lase 2uldl pewigs Sl gl Ol pulad (sle Lo, SVl wgy,SJl wld sue Loy wwSilg
Tertiary C- > secondary C- > primary C™
e aul wluse Wy Jeas| ésbiw ela=adl sls5ug

CO, CO;, H:0, NHs, H:S, HCN

Rearrangement ions pukbuall eslel e azald] Glig VI

Asls pdaill dalel adae o pui Sl wawloVl ezl Lo e uwl Glgd weSs kel Ll
SligV
CH4-CH,-X™ » CH;CH,r + X

|

CH;=CH;*  + HX
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Alkanes azu.uasll wligs,Se)apll-)

Jobo 83U ol sl &y 63 M* 5.8, Ladsiog eols (st Ugl acyainll e SLISIVI Lodoss
s (M-29) Cligl Jie wsipmdl ogVl e Ll of Juie cgnms 188 o e Oligl by &l ol
(M-15)

Alkenes az.uanll e wlio Se,0pll-T
ethylene dcgame gl CH3 dcgame) 188 Gamug S 1o oJ| SLISIVI e
Halogen compounds (RX) qwia=gllp)l wls all-T

dugluso ailiS wgl s g (X) pamallpll saas (RX*) Lyjmdl LW oS5 Gz ©lS ol 048 (58
(M-X)
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Alcohols & Phenols wVgisally wiexsll-2

op S5 Al @i (M-18) xic gaije 0555 el a8 splag > Ladsin 0355 WSy M* Ul juew
—CH: dcgome 1ia) & (M-15) (oo Lo Lle ac amell Vgas)l ol oS o elall

Ethers vl V-0

Sas| Jis gl Tadls sl clls (adeg umensSVI 8,5 uils wade cuibal )l Sasl (8 pewSi G
StV (8 lagalS of JSWVI sicgozs

Aldehydes wladJVI-1

M-29 gl liSe cumg,ud 6,5 1ial Az (M-1) ailiS gl jeply jueis

R-CH,-C(0O)-H » R-CH,-C(O)Y* + H
l (M-1)
RCH, + H-C=07

(M-29)
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la> Loaskio S s »pku 9l 6uaS Az, 0 ailu par) AliS)l b o Lok Y A9
b yaisg jlasd] Auuwlaus 890 oS0 03b; (Sos Ldg odudsw sy 4>,
65 ul oS ¢ 15 electron volt wJlg> sJl bl B9 Qo isuiuus)l Wlig uSuYI
i o | UgaVl 5uS 0 6505 Il eV o juiS 9 S33s 65Led] juS

uels Wil wligVl e acgosw oo SJg 13e>g0 Wiisd] UVl LSy A8
Qs ol Wlig V] palad Sads 188 .uisisdl VeVl Lo ST ol Lgluuws LS,
(M+1) Lidis Wlgil GusSi I (O,N, S) QuigssS jus 6,5 e Sgiz il
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RENTRCH | RUTVL| L

RCH»-O-CH:R + RCHrO-CHR = RCH-OH)}CHR + RCH-O-CH:R

Wiod 6 mzedd | Gl ¥l s aule Jdicauw s j=d| UeaVl eab pac all> 99

by C8g)l pueti 9 S lA> LoRtio 0uS 0 i Ul s WY eSS
slo (s> 1as) aswii (M-18) ailis uel
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Vacuum system g all plla

il o V i Um:mhsz.a@._,.nL..JI dulac plady 1o g ol ol aliS)l Bldas sl zling
ookl dlwly xilidl Sligl

bas sle ugS, inlet system cluall Jgss ol am s+ jpadl Jsls a,al gl adac pug
bamg e bhaall UgS Laiw 105 torr Ll hes 1ic ion sonrce CligVl jaas weSy 107 torr lig>
il LV Glian o b3leg « alld oo J8l ¢l 107 torr (sJlg> analyzer tube wlighl Juas
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McLafferty rearrangement (o~ alSla cu i -1
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ALY et LaS Lgd Al Lala
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Where X, Y, and Z can be O, N, C or S
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_ +. +

COOCH,CH, O N
- CH,CH, O -CO
- B ©
(45) (28)
_ m/e =77
m/e = 150 m/e =105
— +.
McLafferty rearrangement H
e —_—
O H
| —
“
+.
] O H ~T~H
N H
H H
ol © -
H H
OH

(122) (28)
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ad 939 AN Gl (oSS Ba sk (ot A )

3 Jaad (938 Bk Juall 3y Alla o (g giad Al LS pal) (B il (e g odl) 1R Giang
LS Jalad Jae 2o 9 (g gbead dad aie 5 LAY gk Al 0dd (& Bady 5 JBY) Ao (a9 o
Tyl gy & 9 Gge Sl Cpa i3 7 g ABla Al o g g A1) (gl (9SG iy g s sal) 03¢

C.H,* 4ol disa gda g3

|
H
N . P :
I/ \ C.H,*
C C—
H— \ / H
/c —C
H \
H
H\ |
CH; CH—H CH H
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_ +, ]
CH
3 °
-H - CH,=CH, +
H  — > C5H3
2
(1) . (28) m/e = 63
C H C7H8 T
778 m/e = 92 m/e =91
m/e =92
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+

CH,OCH, ot N
- OCH, -GH, +
— = or — C,H;
2
(31) (26)
m/e = 65
m/e =122 m/e =91
__* — +
McLafferty rearrangement / \O H —CH,
> )< — + HCHO
\H g H
m/e =92
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43 l
+ +
CH, CH,COCH, | CH,CO H,
+ - - CH3 -CO
CH,CO
3 (_91) (_15) (-28)
m/e=43 m/e=134 m/e=119 m/e=91

l McLafferty rearrangement

H

CH,
Y o
CH,”

(-42) | - CH,=C=0
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+
- CH,CH,CH,CH, 0
m/e= 73

- 43) | - CH,C=0

— +

CH,CH,CH,CH,OCOCH, | —
' /e=116 -
- CH,CH,CH,CH,0 | _ (73) e - (43) |- CH,CH,CH,
Y Y
+ +
CH,C=0 CH,C - O-CH,
1
m/e= 43 O
m/e= 73
McLafferty rearrangment
- +. ¥ — +.
CH,CH, OH (\H CH,CH,
i * )\\ 1
CH, HC O (
H,C O
m/e= 56
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- 43
. + +
CH, CH,COCH, |™ CH,CO H,
+ = - CH3 -CO
"
CH.CO
3 o1 (-15) (-28)

m/e=43 m/e=134 m/e=119 m/e=91

l McLafferty rearrangement

H

i
w Z(CO

CH,”

(-42)

— +.
™~

- CH,=C=0
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Relative abundance
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Relative abundance
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;> CHLH: + CHCHyCH
m/z - 43
b, 3 3 <

b -3 3 0 .
'(‘H“(“:("HZ(‘HZ(‘H}P CH{H‘: - CH:CH:(“;
molecular ion miz - 29
mz =72 . 4
CHy + CH:CH-CH:CH;
mz - S7

CH; + CH-CH:CH,CH,
miz =15
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CH, CH;

L35t g%
CH;CH-2Cl: + CHyCHCY:
(A @

m/z =178 m/z = 80
heterolytic
cleavage

\
CH;

CH:CH + CE + Gl

+

m/z =43

264



35 + 37+ 5
CH,CH=Cl: + CHiCH=Cl: + 'CH,

miz =63 m'z = 65
1
homolytic
cleavage
C,I"\‘{\‘f 35 CJ|'\’\T

CH;CH—CI®® +  CHyCH—CF’
mz=178 m/z = 80
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s«-butyl kopmpyl nhu - 116
.‘_\
~ AN
4
“HCH,CH—0: + CHCH, | 2.1

CHCHCH + (0—CHCH;

mz = 43 o 67
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(le3 (|1H3 N Cle
CH,CH,~CH—0—CHCH, *~**V38¢_ CH,CH,~-CH=0—CHCH, + CH;

m/e= 101

CH3 CH3 CH3+ CH3
s~ s o—cleavage |_ :
CH,CH,~-CH—0O—CHCH, > HC=0—CHCH; + CH;CH,
m/e= 82
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CH,CH,CH,

~ CH,CH,"
(- 43) m/e = 29
*.  .CH, +
CH3CH2CHZCH2CH1 ~ CH,CH,CH,CH,
mle = 72 e19 m/e = 57
‘ - CH,CH, .

> CH,CH,CH,
(-29) ml/e = 43
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simplifisd mass spechum of pentan-3-one - CHzCH2COCH2CHS

e

=

relakive
abundance . g\‘

10 20 a0 40 0 6O VO a0

. CH,CH,CO *- . CH,CH, +
CH,CH, " = CH,CH,COCH,CH, . CH,CH,CO

(' 57) m/e = 86 ('29) m/e = 57

m/e = 29
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fragments he) A Mass Jidad Jos 2is 9 CoH | Br 4t jal) A%hua oS -
ad Ao Juant iy g S sall 13g] dad gial) A Y Adpall ani ), (198, 121, 119, 92, 77) -1V

. Ao gllaal) sl
n . CH2CH2CH2Br ©
_|_
CH,CH,CH, Br ~ CH,CH,CH,Br
=< - 77
-121 m/e= 121
m/e= 77
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Br
- 79 -
CH CH CH
m/e= 198
m/e= 119 o +.
H |(T‘HBr
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m/e= 92 271




-\ fragments ko) A Mass Jalad Jas 2ie 9 CoH (O, il ks oS 4a -
S\ signals el FH-NMR  Jes 3= 5 (150, 149, 135, 130, 121, 119, 91)
Al A ol g4 ds 3 disall am ) At S 1.9 (s, 3H), 2.1 (s, 3H), 6 7.6 (dd, 4H)
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COOCH,
CH

3

t¥) sadl) o Al sl Alas ol
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H
H,C fH;i/H
(O
co —

m/e= 150

McLafferty rearrangement | d

co™ COOCH
-OCH
-31
CH,
m/e= 119 m/e= 150
-59
-COl, f
- 28 - COOCH,
COOCH

CH,
m/e=91

m/e= 150

H
H H H

CO O

m/e= 120 neutral

COOCH,

Y

m/e= 135

—CO

COOCH, H,
m/e= 135

m/e= 149

rn/e 91
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SYS signals Ae) FH-NMR e 2is g CgH, N Aubjal) dlipa cpa o
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SR S all

H,C CH

N /3
N

-1~ signals k) FHNMR Jes s 5 C,H 0, 4 jal) dliua oS sa -
At 8 1.0 (d, 3H); 5 1.4 (s, 3H); & 3.6 (m, 1H); and & 3.8 (d, 1H)
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(l)H

H,C—C—CO—CH,
H

m/e= 88

OH

- 45 ' H,C—CH
+

CO-CH,

m/e= 43

., OH b sl

|
H,C—C—CO—CH,
H

OH
|+

. H3C—CH
- CO-CH,
/ m/e: 45
+ - 43 28 T Co
’ OH OH
—> + CH-CO—CH3 or H3C—C—CO
- 15 H
m/e= 73 m/e= 73
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(105, 91, 77) 45Y) afdl) e o juuss die CH,Cl Axi jal) Aia oS 14
A A dad gial) 4 ) Aaall

cu,cHcl | '
; CH2CH2.C1
63
m/e= 140 m/e=77
- él - 35 - CH,CI +

CH,
- 49
+
CH,CH, or

m/e= 91 m/e= 91

m/e= 105
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a_ © b- © C_ © d_ ©
cl —F
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—_—
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(59, 58, 30) 45 adbl) e o st vie C,HNO, (b i jal) e oS 1
A S yall 13¢d dad gial) A ) ddpal)

a- CH;OCONH,  b- HOCH,CONH, ¢- H,NCH,COOH d- H,NOCH,COH

+ :
- NH, +
H,NCH,COOH - CH,COOH
- 16 m/e= 59
m/e= 75
- OH
-45|-COOH  _ 7
_|_
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m/e= 58

_|_
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https://csci.tu.edu.iq/cd/images/Organic_diagnosis 4.pdf
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https://www.uobabvlon.edu.iqg/eprints/publication 3 19943
1622.pdf
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VCIOSEmUM %252CytomUQDDXdewmM %252C %253
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