
.

CH 323 365



3 6 6 CH 323





368 CH 323



frm.&

CH 323 3 6 9



0.8 2.5

lR%nA

(dluwlhx&lu)

15 200
I IIII IRfIalJ  : lR9fla

(hPuaGl1myu)

12500 4000 1300 910 667 50

3 7 0 CH 323



%T=lOOi
T;;

(7.3)

CH 323 371





/
6.“”
Energy-

’ CH 323 3 7 3



fll5klrr”LlGl  _

3 7 4 CH 323



-- ---&---
(1) tll&l66pI¶JaWlFIs  (1340 W’) (2) fll9&WIJ8~Ubll~~  (2350 VU-‘)

CH 323 375



HdI!  7.5 simple harmonic osci l lator

(7.6)

3 7 6 CH 323



v=
2X3.l~X3X1O1o J

5x105
(19.8X10-'4)(1.64x10-24)/(19.8+1.64)x10-24

= ad5 (*)(*"*

(z?uzi = 3052 W-J-'did.

CH 323 377



378 CH 323



CH 323 3 7 9



Da

3 8 0 CH 323



CH 323 3 8 1



W A V E L E N G T H  p m

5

WAVENUMBER ICM-‘1





NaCl

KBr

CaF,

CsBr

Csl

AgCl

AgBr

KRS-5

Wan-2

650-40000

400-40000

1100-66700

250-10000

150-10000

400-25000

300-25000

200-20000

d00~50000

Y 4
nisatzaiouiw  20’~

(nfu/loo ua.)

36

53

0.002

3 8 4 CH 323



Ic5,
CCI,

CHCI,

CHBr,

C*C’,

benzene (C,H,J

CH,CI,

acetone (CH,COCH,)

acetonitrile (CH,CN)

cyclohexane (C,H,,)

N, N-dimethyl formamide

WWCH,),l

dlethylether(CH,CH,OCH,CH,

~]nfh,fu~u2100-2200

LLa:1400-1600

~~fUhWJfdU700-850

~fUhWflh1175-1250

aaacdlFdl820

vphu,,,&l700onaa"u

1100-1175 biak3000-3050

tpiwlah 750-950

yle;lua~~o750fJnl~u

~000-3100

~fRilULIdtJ  820PlfIbh

L200-1300

L850-2800  UaShl-b  1100

~fXilUUfU~U2200-2300

aaz1300-1600

;"ldl2600

1750-2750 LLaXhil1050

0.5

0.5

0.25

0.5

0.5

0 . 1

0.2

0.1

0 . 1

0.1

0.05

0.05

CH 323 3 8 5





V Y

CH 323 3 8 7





CH 323 3 8 9



3 9 0 CH 323



Wavenumber  (cm- ‘ )

4000 3000 2500 2000 2000. I’S00 1300 1100 1000 900 800 700,oo - ,. , , , ~, _~. / T .._ /_, ~. ~~, ., ,. .

4000 3000 100 1000 1000 Ii00 1300 1100 IO00 900 800 700
1 0 0  -. .- - I.-~- ._ .- ~. -.

90

80

c 70

.p 60

E5 50

g 4 0

-8 30

20

IO

0
2 5 3 4 5 5 6 ( 7 8 9 IO I I 12 13 I4 I

Wavelength (,u”,

I

?d 7.10 IR ~ldflFl%J‘U~9  n-hexane IlilZ 3-methylpentane

CH 323 3 9 1



3000

C = C  CH2 c - o - c =CH
C = N  CH3 (elherr  and VInyI
N H .118,61 “lii,‘!dene

NO2 C - O H Vinylerie
(alcoholsand  Aromaitc
phenols1 NH2 & NH
5:o (aminer
P=O and amides)
C - F

2000 1600 1200 ~ E:lj

C-Cl
C-Et.



CH 323



na1d  (W1) lQysn”Gu
700 C-Cl

690 cis-RCH=CHR

550 C-Br

500 C-l

1

3 9 4 CH 323



CH 323 3 9 5



3 9 6 CH 323



- \

I i

C H
I 3

CH3CHW2CH2NH2

CH 323 3 9 7



fl. C-H d’?l : CH, vas 2962, vs 2872 W.-l

CH, v,, 2926, Vs 2853 VU-’

41. C-H 98 : CH, s,, 1450, 6, 1375 ‘%I.-’

CH, S,  1485 VU-’

fl. CH2 kN  : CH, p 722W-’

3 9 8 CH 323



“L,4ow  3100

0 ’
I

Y

v---j---

CH 323 399



fIlWl~%uXIdl¶J  C-H (in-planeC-H  bending) LLElSllJSFIUBfl6~odlpI  C-H (out-of-planeC-H bending)

1. unconjugated olefin b&A
“3’\ f”3

C=$YSH&+=C

HOC’  C H
\

3
C H  CH3

3

2. conjugated olefin rh

H C H:  H
3 \-’,-c-cd
1:

\
H

3. cumulated olefin bh

H C
3\

C H

,c=c=/ 3
c\

H3C
C H

3



Rt  ,H
c=c

HI B 1666-i 678 (v) 960-980 (s)
2

tram

c=c

H/ ‘R 3
trisuhstitutcd

c=c
R’ ‘RP 4

tctrasuhstitutc:’

1648-l 658 (m)

1685-l 675 (w)

1665-l 675

(very weak or absent)

8 8 5 - 8 9 5  ( s )

790-840 (m)

s=strong;  m=medium; w=weak; v=variable

CH 323



1565 1610 1645

8 0"
66nums&lc=c 1781 1650

0\
1655 %I-'

%a.-’

4 0 2 CH 323



CH 323 403



%IJG  7.17 IR Ef6IJfNlfWUfN isoprene

I fl. S-H  &l  3078 VU-’

91.  C-H t%YIJ0W&j  CH,

n .  c=c  %FI : vas  1640 (nWJa&J’&), vs 1 5 9 8  (wJ&!q9)  w-’

9.  C-H 9WllfNPt~  CH, 66aZ  C-H S&EWI

0.  C-H 9BU8fl5%lU%0W~  vinyl 880, 980 ‘%I.-’

4 0 4 CH 323



jdi 7.18 IRt7lE)flWklJ09  I-hexyne

fl. ‘C -H  &l  3 2 6 8  VU-’

91.  C-H &lWW&i  CH, LlaZ  CH, 2857-2941 W-’

n. c=c  dn 2 1 1 0  w-’

CH 323 405



4 0 6 CH 323



T

s=strong,  vs=very strong

CH 323 407



2000 1600 cm-l 950 650 cm-l

monosubstitution

1,2-disubstitution

1,3-disubstitution

1,4-disubstitution

1,2,3-trisuixtitution

1,3,5-trisubstitution

2000 1600 cm-l 950 650 cm-1

4 0 8
CH 323



2000 1600 cm-L 9

PI 1,2,4-trisubstitution

1,2,3,4-tetrasubstitution

1,2,4,5-tetrasubstitution

1,2,3,5-tetrasubstitution

P-l 1,2,3,4,5-pentasubstitution

D-l 1,2,3,4,5,6-hexasubstitution

0 650 cm-l

CH 323 409

glh'! 7.20 IR il6dflPl%JWl~  o-xylene

fl. =C-Kdfl  3008 m-'

=U. C-H %lWlW~ CH, 2875, 2918, 2938, 2965 ellUm'



4 1 0 CH 323



CH 323



4 1 2 CH 323



CH 323 4 1 3



4 1 4 CH 323



WA”rn”mhrrfcm-‘,
4000 2500 2000 2000 Iwo l300

Wavrleneth  @m,

CH 323 4 1 5



1

@ 7.26 IR  ~~l.kW%.RlOJ  di-n-propyl ether

f l . C-H &lW~~ CH,.CH, 2’800, 2850, 2950, 2 9 7 0 %I.-’

41. C-H 9OWl;IW~ CH,,CH, 1370, 1460 WI.-’

ft.  c - o  hl  1 1 3 0  w-’

\I .-, ,.,.,t,

CH 323



X “c=o  (Tfu-1)

Cl 17851815

F Pj’WltU 1869

Br 1812

OH (-hhUO~) 1760

OR 1735-l 750

Cl3 323 4 1 7



I X

VI.j X &tilII?~n”Fl  resonance effect I8UdlfTQj

“GO  (W’)

NH, 1650-l 695

SR 1690-l 720

\f-w--f, \+
c=(;-c=o

, c-c=c-”

/ II / i I

4 1 8 CH 323



R\ J 1700 w.-’

tv
1760 VU-’ C = O - H - O

8 I
,(-C-OH O--H-o=c

',
" 11

CH 323 4 1 9



5. fT~lIJLfl%A?JOS~~  (ring strain)

420 CH 323



Sdd  7.28 Ifi a6dflFlfUVOJ  Z-pentanone

fl. C-H &I : CH, 2955,v,, vs 2866 WC

CH, vas 2930 VU-  ’

“u.  C=O ih 1725 %BJ-’

fI. C-H 90 : CH, 6,,  dXM616 1430, 6,  1370 Tn.-’

CH, 8,  1430 W-’

9. C-CO-C f%M=lZSD 1172 VU-’

CH 323 4 2 1



zd$ 7.3C IR ~llkI@lfW~E~~  cyclohexanone

fl. C-H dWLlW~  CH,

91.  c=o  dn 1 7 1 5  m-’

‘fl. C-H WiJ89H~ CH,

9.  C-CO-C %MWKl  1225 ‘%I.-’

4 2 2 CH 323



CH 323 4 2 3



4 2 4 CH 323



CH 323 425



Benwic  acid (KBr pdk., i&%.7*  - -.I,

jP]G  7.34 IR ~~&Wl%JWl~  benzoic acid

f3.  O-H &l  2500-3300 %I.-’

“u.  C=O  h 1 6 7 5  VU-’  rw~l~:Mam~Plo~an~~gInnn”PrasLPJPd~Pd

‘fl.  C=C f%VWWWU~U  1450, 1500, 1580, 1600 VU-’

4 2 6

h

CH 323



o-Ii---o
I IIJ 165OcH.K'

R/c*cH/c\oon

CH 323

p-keto  ester %U~L&h~Zl

4 2 7



TjdI?  7.35 IR ~6&flblfIJWN  ethyl acetate

fl. C-H &VlJOW~  CH,, CH,

91.  c=o  fh 1 7 4 0  vu-’ nal~~~nn’~o~66fl~fll~dn c = o  wJa6sarvle~

‘Fl. C-H 90 : CH, 6,s 1 4 5 0 ,  6,  1 3 7 5  W-’

CH, 6,  1 4 6 5  W.-’

9. c-o dn : vas 1 2 4 0 ,  “s  1 0 5 0  WJ-’

wa-  I cm-’
#D

4 2 8 en 323



9. C - H  98 :  C H ,  S,, 1 4 9 3 ,  6,  1 3 6 0  %a.-’

0. C - O  dfl :  V,,  1 2 0 5 ,  vs 1 1 8 3  w.-’

CH 323 4 2 9



4 3 0 CH 323



$!  7.38 IFl~~IklWkVW  phthalide

fl. c=o %l 1750 w-’

‘U. C-O h : vas  1240, vs 1050 w-’

$G  7.39 IR ~L~fl’?l%IYlJfl~  octanoyl chloride

fl.  C-H lhl8W~  CH,. CH,

V. C=O  &4 1 8 0 0  VU ’

CH 323 4 3 1



4000 3000 25oc 2000 2000 1500 ,300 1 ;o: iooo 900 800 700 650625

,""
or- i

60 n
5 0
40
30
20
10
i" _

\\ 99
4\ 2 0

1 0
0

4 3 2 CH 323



Lmcar  anhydrides C).lic  enhjdridrs

I

>

1757
W-1

I1122
cm-1

s.0 55 6 . 0  5 . 0 5.5 6.0 5.0 5.5 6.0 :I 0 5.5 6.

MICUXIS MlCrl,ll5

I

SUCCll.iC
anhydride

Phthahc
anhydride

B 0

CH,  -C\

/O
CHr-c*

0

C H  3 2 3 4 3 3



?di 7.42 IR ~l~‘flPl%J%tIl~  propionic anhydride

fl. C-H &TLlSW~  CH,, CH, 2880, 2950, 2990 VU-’

91. C=O  h : 1825, vs.  1758 m-’vas

fl. C -H  90 :  C H ,  1 4 6 5  ‘%I.-’6,

9, c - o  an 104.0  cIIaK1

434 CH 323



?I!4 7.43 IR ~~&lol%‘a’V~~ phthalic anh@jde(yjol  mull)

n .  c = o  &l  : v,, 1 8 5 0 , vs 1760 WJ-'

"u. C-Oh 1250 VU-'

CH 323 4 3 5



N-Mcth,l  accramsdc  tliquld  htm) w.rmti  m 111-s

4 3 6 CH 323



21]Md  7.45 IR a6~flPlfWlJJuaJ  N-methyl acetamide

fl. N-H %l V~~6&l~~&lf$  3300 %I.-’

‘U. C-H &WOWf~  CH, 2950 VU-’

n. c=o ih (66nnJ6&lJd  I)  1660 vu-’

9. N-H 90 (~6tW6&.J6II)  1570 %I.-’

0. C-H 90 :  CH,  6,s 1 4 2 0 , 6,  1 3 7 5 WJ

W*m!umbm  In cl-’

$i  7.46 IR a6~FlFl%J%fl~ N, N-diethylundecanoamide

tl. C-H &Vll~~~~  CH,,CH, 2840, 2950 %U-’

Lu. C=O hl (66flU6&J6I)  1640 %I.-’

n. C-H 90 : CH, %,, 1420, 6s  1 3 7 5  CHU-’

CH, F, 1460 ‘%I.~’

C H  3 2 3 4 3 7



4.38 CH 323



ply@ 1250-1340

vpTfJQ3 1280-1350

n&lqaJ” 1310-1360

;llMd  7.47 IR ElLdFlGl%Tl0,9  n-propylamine

d. C-H 9D”UWfIj  CH,,CH, 1375, 1460 W.-’

Q. C-N h 1070 VU-’

%I.  N-H TlX&l  650-900 WK’

CH 323 439



g¶h?  7.49 IR iWklPl~WU~~  tripropylamine

fl. C-H &l  CH,, CH, 2800-3000 W-’

91. C-H 90 CH,, CH, 1375, 1460 %I.-’

R. C-N &l 1080, 1200 VS.-’

4 4 0 CH 323



CH 323 4 4 1



4 4 2 CH 323



CH 323 4 4 3



4 4 4

fl. N-H 90 : -NH,+ 6,, VU-’1610

9. (Cc&), h : 1580 VUm’vas

0. N-H 90 : -NH,+ 1505 Tn.-6,

CH 323



R. (COO),  dn :  “* 1 4 0 5  vu-’

‘tl. torsional (-NH,+) N-H oscillation 525 TX’

CH 323 4 4 5







2. alsJJt"aU~~~~lla"J66aU~""~~~~~,U~  720 W-'%UIRthl@l-k

fl. 4-methylheptane 91.  n-pentane

fl . P-methyloctane Q. 2-methylhexane

0.  2,6-dimethyldecane

3 .  oa4UjuaJalslJg=nOU~9~l~~L~(;IIIOUf11990  C - H  tiWfFQ%UflL~fNls’JJ

hilJ,a

n.
Cb%

‘- CH’ ‘CH,
fl. CH3-CHz- H-CH2-CH3

2

‘CH&-l, H3

-448 CH 323



CH 323 4 4 9



4 5 0
CH  3 2 3



CH 323 4 5 1
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5 0 0 0 4 0 0 0 3000 2000 180s , 6 0 0 1400 1700 1000 800

VIIAVEN”MBE,, ,(‘M ‘,

i. \'c-o 1865. 1780  _.__l__- ; 1315, 1750  ..-- ; -- l77:I. - - - -  1720 .----

4 5 4 CFI 373



I---------1----- ----?- 1



WAVENVMBER (CM ‘)

(fl) (solid, split mull’)

/ j I

,!,,I(,  ;!:,,,:,,,JJ,:‘!.,r;’

5000 4 0 0 0 3 0 0 0 2000 1800 1600 1400 1200 1 0 0 0 8 0 0

WAVENlJM@ES  GM ‘)

(“u) Liquid,  capillary film)

-.-1-1 -.---- -I__ -  --_  .-





wnyNuMerR  {CM  ‘1
‘_ ./

(Q) (liquid, capi!lary  film)

&quid,  capilluy fiim)

--.- . . . ..- ---P-w-

458 CL1  373



.- _--.-

I ':‘
,” :. .,-

, . / .:“

I I

1 6 0 0  1 4 0 0  1200 1OD

WAVENIJMEEA  iCM  ‘1

(liquid, capillacy  film)

4 5 9





CH 323 4 6 1



0 “300 1000 000

462 CH 323
I



m OH

v-"-cH~  -VNH2
0 N

H H

CH 323 4 6 3



HO

r>"

HXA,

N
H

CH20H

,464 CH 323



.

CH 323 4 6 5



800

,



‘30

YO

- to._

; 60
Z
.? 50c
5
il 40
z
z 30

20

1 0

5000 4000 3000

WAVENUMBER (CM ‘I

spld  7.58 IR ~LIJFl~%Jd~U~~VlJW  isopropyl isocyanate



ti (’
:I 1

:i--cll,,(‘s

“a(:



(‘ll,,-l’il(‘S (‘ll-~‘ll(‘s -
I

CH
I/

l:tl
II , 7

Y-l’,, (‘II-Sli (:il--s(:s

CH 323 4 6 9



1800 1600 1400 1200 IO00 800

WAVENUMBER (CM ‘I

4 7 0 CH 323



?&! 7.60 IR ~~~fl@lblJfJI  isopropanol

CH 323

I

4 7 1



50on 0x3 1000 2GOO 1800 1600 1400 1200 1000 800

WAVENUMBER [CM ‘,

4 7 2 CH 323



90

80

- 70._

10

/ i

soot 4000 3000 2000 lb00 1600 1400 1200 1000 800

WAVENUMBER ICM  \

CH 323 4 7 3



I

5ooc 4000 3 0 0 0 2000 1 8 0 0 1 6 0 0 1 4 0 0 1 7 0 0 1 0 0 0 8 0 0

,,vAVCNUMBER ICM  ‘1

474 CH 323



CH 323 4 7 5



- - C - - - - - - -

~-._--_

5000 4000 3000 1-000 1800 1600 1‘loo 1  z! 0 0 ‘Oc,O 3sc

NAsIENlJMBE!7  .CM  I



CH 323

fl . polyalkene ............

91. polyamide ..........

fl . polyactylate ...........

9.  phenolformaldehyde

0. polyurethane

it 11  II
I I 1

CH-CII.CIl-

,2’H-CO-Up) ,,  -CO-Stl-(Ct~ ):,  n -stt....

COOR CWl~
I

C H -Ck,;C.
Zl LI

,<’  11

Q. terylene (polyterephthalic ester)

4 7 7



90

80

z 7 0
L

: 60
z

; 50

f
:” 40

2 30

2 0

1 0

1 / I 1 i 11 I! 1 1 i

5 0 0 0 4 0 0 0 3 0 0 0 2000 1800 1600 1400 1200 1000 8 0 0

WAVENUMBER !CM ,

-

4 7 8

--. . . -- -._

w-)L _ - 2’.  - -

I ------I -

_ _ -_-’ _ - _-.-
v -, ,’ ‘x

G

8(,i ._ -- . \ . _ _ _ _ -.
I

70  1.  _ _ . .!  . _  _~ !

\ijoi.  ,,__  _.  _.  _.  .1_  _f_  ___ _--

I

5 0 0 0 1 0 0 0 3000 2000 1800 1600 1400 1200 ;oco 9 0 0

WAVENUMBER ‘CM I

;di 7.66 IRtld~01~UU41~~pl'a~dl~~ 10

CH 323



5000 4ooc 3500 2000 1800 1603 lAO0 1200 1000 BOO

ilAVEN:!MBE9  ,CM

CH 323 4 7 9



COORaI ’/ II c00111: COOR

4 8 0 CH 323



CH 323 4 8 1
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4 8 6 CH 323







CH 323 4 8 9





CH 323 491



492
CH 323



TRANSMISSION f-61

CH 323 493



L..;.:.

i i:  j .;:.:

1 .._:  _ I L
! I,
’ 1 .._i  .._.  8! - -_: 1 I ‘R
/ ‘!
! ‘./A-

.494 CH 323



I IlANPMI!:P,~~N  ,’ ,

CH 323 4 9 5



I ! ,\NFMI::‘;,“N  (“!,)

-.-

c

4 9 6 CH 323



TRANSMISSION f-Xl

CH 323 4 9 7





CH 323 4 9 9



:
I

5 0 0
C H  3 2 3



TRANSMISSION I%)

CH 323 501



5 0 2 CH 323



TRANSM,SSION  I’“’

CH 323 503
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THANSMISSION  1 % 1

R c

CH 323 5 0 7
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5 0 8 CH 323



I IIANSMISSION  I”!,1

CH 323

w

5 0 9


