ol 22 Y (Infrared spectroscopy)
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28 (Infrared spectroscopy)/cl8r =281 (Raman spectroscopy) ( 2 )
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28 (Infrared spectroscopy)/et8t =2 8i(Raman spectroscopy) ( 3)

*x IR 2 Raman =L} A sF14=0l st @2 & M30HAI2H & A}
HNote 2L et A AHPC &Ekf et IR actlveSB} Raman
actlveD} A2E. (S HESAHS 2= B2 | IR active?! &
S 2 5= Raman inactive, Raman active? d=S2&+= IR
inactiveg )

*x |R =&Y : 22X ASs2E)F A A=2AF RHEE
JIAHIRS=JI 20Y. &= 0|d&XH Mot 2= =& X0,
— O=C=0 — : IR active, Raman inactive

<_

* Raman od8 . SAHEU EAFHHAIMOI2 22 ASEE
oH = A8 dAELI EdSEHH H=E0| BHole A &
EE & Raman active?!.
<~ 0O=C=0 — ! IR inactive, Raman active



Z S (Infrared spectroscopy)/etet 228 (Raman spectroscopy) (4 )
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F = ma = m(6?x/0t?) = -kx (k : @ &)
vV = (8X/ot) — (9%x/0t?) = (ov/ot) = (av/ox)(9x/at) = v(av/ox)
F = mv(ov/ox) = ~kx — v(ov/ox) + (k/m)x =0
v2/2 + (k/2m)x2 = C; = v¢ + (k/m)x2 = C

2 FY T x = AL Z)NA FFAHA B £ 0
(k/m)A¢ = C — v¢ + (k/m)x? = (k/m)A?
= (k/m)(A? - x?) — v = (k/m)'/3(A? - x2)1/2 = (3x/3t)
(k/m)i/2 dt = (A% - x2) Ve dx -AEE—
sin~1(x/A) = (k/m)Y2t + C’
221t=09A x=00]|BF c’ =0
x = A sin[(k/m)2t] - x = A sin(2nvt) = A sin(wt)

o = 2nv = &/m)¥2 - AFF v = (1/2m)(k/m)V/2




* 23} A5 A29] SchradingerW-A 4]

F=ma=-kx — HHAHA V = kx?/2
(02W/ox%) + 2m/H)(E - VU =0 — (3°0/ox?) + 2m/B)E — kx?/2)T =0
Ho g w7 =< D a* = (#/km)

@ e = 2&°mE/#) = 2mE/&#)*(#/km)¥? = E/[(1/2)Ak/m)1?] = E/(Aa/2)
(32W/ax?%) + (2m/ ) howe/2 — kx2/2)¥ = (32W/3x2) + (mk/72)( Awe/k— x2)P = 0
(82Ww/3x2) + (mk/#2)( Ae/(mk)1/2 — x2)P = (32W/3x2) + (1/a%)(a?e — x2)W = 0
W90 + (e~ x2/ W= 0 SWHASxE x - ay= W
(8W/3x) = (3W/3y)dy/ax) = a1 (8W/3y) — (3°W/3x?) = a?(3°W/3y?)
a?(3?W/ax?) + (e — x%/a?)W= 0 — (2W/ay2) + (e —y2)W = 0

Aoy : (32w/ay)+(1 — y2)w=0 ol ZAloll W = Aexp(y?/2) + Bexp(-y2/2) W
yar 2] 710l wpe} df5- ) 5 Ao S7lel=2A 2 E71solEE A= 0
Z AL @ = B exp(-y%/2) - W = y)exp(-y2/2) &} sl
(8W/dy) = exp(-y%/2)(dk /3y) - yx(y)exp(-y?%/2)
(32W/ay?) = exp(-y2/203%k /3y?) - 2yexp(-y2/2) 3k /3y) - Ky)exp(-y2/2)
+ yey)exp(-v2/2) = exp(-y2/2)[(8%k /av2)2y(dk /ay)ryviidy)- ky)]

exp(~y?/2)[(0%k /0y?) -2y (0 /oy)+ y2i(y)—K(y) ] + (e—y?)uy)exp(~y%/2) = 0




exp(—y2/2)[(0%k /oy?)—2y(@k/oy)+ y?x(y)—r(y)] + (e-y2)(y)exp(—y2/2)=0
exp(—y2/2)[(0%k /dy?) — 2y(@k/dy) + (¢ — 1)k] = 0 Hermite ## 2]
K(y)=Say"=ag+ ayy+ ay?+ agy’ +
(0x/oy)=a, + 2a,y+ 3azy?+ 4a,y3+
(02K /0y?) = (1*2)a, + (2+3)agy + (3*4)a,y? +
[2a, + (e — 1)agl + [(2x3)az + (e — 3)a;ly + [(Bx4)a, + (e — Dlayly? +
y o S o] Alo] AYE 7] Helld = A7 oolojof
(2 x1ay + (¢ — 1)ag = 0 (2 x3)ag + (e -~ 3)a; =0
(3 x4May, + (e —DHay =0 (4 x Blag + (¢ — Taz = 0

Aukd] (n+ 1)(n+ 2a,.,+ (e-1-2n)a,= 0
AA XAy = oo of] A w= 0 o]ojo} 5FA R Y(oo) = {oo)exp(-00/2) = oo
et A dy)7t FetapolojAd otdig wigtA e=2n+ 1 n=0,1, 2, 3,
e = E/(8n/2) > E =chn/2=Mm+ PHhavo=(n+ 3)a2nv)=(n+ $)hv
AFZE5UA AR FARl7 5E=(v+ Lhv,v=0,1, 2, 3, (A = kA=)




x 2] 4 HE/QIA) B AT
E =p4/2m = A/2mr? = F£/2]
THRAAZA 18 A 5 AE — 2ar = n\o]o]of
B2 5T €8 n =07t EAste ol {2 + 2 7}
E = m2h2/8x?l = m2A/21 , m, =0, +1, +2
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*r=r, = 295324 214
—(#2/2m) [(1/r2)(8/a8r)r?(3 R(r)8(0)®(d)/3r) + (1/r2sin?0)(d?R(r)@(0)D(d)/ad?) +
(1/r25inB©)(3/360)sinO(IR(r)O(0)D(d)/36)]1 = E R(r)0(0)D(d)
—(#2/2mry2) [(1/sin20)(a20(0)d(d)/3d2) + (1/5in0)(3/36)sinO(30(0)P(d)/30)]
= EOQ(O)D(d)
(1/sin?0)(326(0)D(P)/ad?) + (1/5inO)(3/30)sinO(3@(0)D($)/30)
= —(2mry2E/ #2) 8(0)d(d)

(020(0)P(d)/ad?) + sin6(8/00)sino(@HO)D(D)/0) + (2mr?E/A2)*sin?0*Q(0)&(d) = 0
G(0)% ¢(d)= FHITolBE 4HS 0O D) E L177]
O(O2D(h)/ad?) + D(DIxsinO(a/00)sinO(3NO)/30) + (2mr?E/#2)xsin?Ox@(O)P(d) = 0
(1/®(P))*(320(p)/od?) + (1/O(O))*sinO(3/30)sinO(dX0)/00) + (2mry2E/A2)*sin?0 = 0

(1/8(0))*sinO(3/30)sinB(36(0)/80) + (2mry?E/ #2)*sin?0 = - [(1/P(d))*(32P(d)/3d?)
£ 2 ot =04 T2 petp=En A

|
Sole SYUWs HAEYR 4 Y sV IYLS SAS4S
!
Legendre €57 (1/0(0))*sin6(3/30)sin6(30(0)/30) + (2mry2E/ #2)*sin%0 = m,?

(1/8(0))*sin6(3/30)sinO(3®(0)/30) + m2*sin“O = m,?




Legendre BITI T (1/0(0))*sin©(3/30)sin6(30(60)/30) + m,2*sin?0 = m,?
sin©(3/30)sin6(36(0)/30) + m,%*[sin?0 -1]*6(B) = 0
sinZ0*(320(0)/36%) + sinO*cosO*(30(0)/30) + m,%*[sin?0 -1]*6(0) =
(820(6)/86%) + (cosO/sinO)*(30(0)/30) + m,?*[1 - (1/sin’0)] *G(O) =
I
Legendre BTS2 256l (2mr2E/72) = 2(2+1)
24 ®e=0,1,2,3, 2@ |m| <2

E = g(¢+1)*(#2/2mry?) , 2=0,1, 2, 3, T o} ok A} uE9] ok A))
= —g, —g+1, —¢+2, . ] g (A7) LA
ol A= ¢ oll 2]alj A4 %‘El.ﬂm,,oﬂL ‘Ti’}—}meol } = = a3l of| ] A 9] v} =5k5=7}
2¢ + 11 &4
—(#2/2mry2) [(1/5in20)(320(0)d(d)/3d?) + (1/5inO)(3/30)sinO(3B(0)D($)/30)] =
22 +1)*(4%/2mry%)*©(0)D(P)
(1/sin20)(320(0)®($)/3d2) + (1/5in0)(3/30)sin0(36(0)P(P)/30) = — £+ 1)*6(0)D(D)

*r-ry® 1 A9 229 A2 A% 17 FAE > m,

* r=ro= A9 3 A B 27 FA — L, m,
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281 (|Infrared spectroscopy) (2 )

«N7HO| ©IXtE TAYE HIMY EXtE 3N-674] TS RE
NHO| EixtE TAE MY B aN-5710| IS BE

IR inactive IR active O- !‘ &
0 C O 0 C 0 0 C 0
OO0 O——@—0O— O—@——0O
5 A& X HICHE AIZXE s - T

a AZXS (2.3300m-T) 281 x %

(667¢m ')

IR active IR active IR active

O 0 O
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CH,X,:3x5-6=9-5>3x4-6=6
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2481 (Infrared spectroscopy) (5 )

Bromomethane
INFRARED SPECTRUM

3000 2000 1000
Wavenumber (cm-1)




(cm’') 4000 3500 3000 2500 2000 1900

Alkanes
Alkenes
Alkynes
Aromatics
Alcohols/Phenols
Ethers

Amines

Ketones
Aldehydes
Esters
Carboxylic Acids
Amides .

Nitro Compounds

1800 1700 1600

1500 1400 1300 1200

1100 1000 900

800 700

B Stretching Vibrations(v)
I In the plane Bending Vibrations( )
71 Out-of-plane Bending Vibrations(y)

Abbreviations

Sat., Saturated a 1H Isolated

Unsat., Unsaturated b 2H Adjacents
Prim., Primary ¢ 3H Adjacents
Sec., Secondary d 4H Adjacents
Tert., Tertiary e 5H Adjacents

1'-CH=CH,
2'-CH=CH- (trans)
3'-C=CH,
4'-C=CH-
5'-CH=CH- (cis)



Infrared spectroscopy.

7

Specific type | Absorption peak
sond | Type of bond = Appearance
A of bond cm™' (nm) PP )
| 1260 cm™' {7937 am) strang
1380 cm™' (7246 nm) e
4 = -
et 2670 ™" (3484 _am) medrm 1o siiong
L= 2050 om' (3378 nm) medium 1o strong
| B 1470 cm™' (8808 nm) slrong
methylene | 2850 em™' (2509 nm] medium to sirang
2925 ¢’ (3419 nan) madium 1o shong
| malhine 2890 cm ' (3460 ren) weak =]
| 900 cm™' (113111 nen} 00
C—CH: 2975 ¢m™" (3261 nen) medivm
30BC cm™ (3247 nen) medium
| C=CH | 3020 cm™ {3311 am} medium
moncsubstiluted | 900 em™’ (11111 nm) 000
viet | akeres 280 ¢m™" (10101 am} oy
ciz-disubstituted | §70-700 cm™ [14236-14325
_aknoss nm) . Siong
lrans- gisubsliluted % \ ~
— = & 965 cm™" {10383 am) strong
trisubsituled akanes | Coo 240 e (NSES=12560 | irong to medium
benzenalsub. -1 :
Dedzena 2070 cen™' (3257 nm) weak
= — -
Z TJ00-750 em™ (13333-14228 Tong
monoszubstituied | nm)
benzens 890-710 cm™" {14085-14492
am) “W
aramatic gﬁ'“'?:nz -disub. | ;50 crrj" (13333 nm) Sng
| | 750-800 e [12500-13322
mota-disub . | nml Aoy
benzens | ' 11-11628
ens i fg\c;—sco em ' (11 1628 | oo
I Y &0 e’ — 125
Para=dizb. berzens, | ;‘n_:no.-au cm ' [11626-12500 stiong
Akynes ary 2200 cm | (3030 nm) madiam
2720 o' (2676 nm) 5
B akdehydes any 2820 gm" (354G nm) u’!dumr
MoncaLh. akenes 1645 o' (5079 nm) madium
1.1 -disul. abunes 1655 om”' (6042 nml medium
:L:';;'z "di2ub. | 4550 cm~! (5024 nm) roadium
BCYClc D trans~-1.2-disub ===
e L 1675 cm™' (5670 nm) madium
trisub., letrasuby LS \ E 2
) Sbnces 1870 em™" (5683 nm) weak
{ 1600 cm™" {6250 nm) Slong
coniug £S5 £ R 'lqso cm (6051 nm) shong
ot |- with benzene ring 1625 cm™' 15154 am) sirong
wilh =0 1600 cm ' (8250 am) strang
T 15652~ =]
o—C (teth =07 e 'I-msto-. 1690 em™' {5652-6086 | ...
1450 om™' (6857 rm].
- ) 1500 ¢m™' (8GET_nm) waak to sticog [(usuaty 3
aromatic C—=C &ty 7580 c! (6329 rml or &)
1600 cm ' (6250 nm) =
tormnal alkynas i:"o)o—ztao om [4673-4762 weak
caCc
= = 2190-2260 cm- | [4425-4566 | very ek Tolten
disubal. alkynaz nm) ndisinguishable)
|aaturated
atlph_fcyclic | 1720 ecm™ )
E-mambeced =
g T | slgsrpdeiketone o.B-unsturated 1665 cm™" { nm)
aromalic ketones | 16685 cm™" {5935 om)
cychc 5-membered | 1750 em”' {5714 am) i
cychc 4-membered | 1775 cm | (5634 am)

akdehydes

1728 cm™' (STA7 r)

wlluence  of  conjgation
Las with ketonos)

satlurated carboxylic
acids

1710 em™ {5843 nm)

yngat jaromatic

1680-1690 cm™' (8517-5952

am)

car. acids nml :
infuenced Ly conjugation
aaters and lactones 1735 ™' (5764 nm) and (ing  size {as  with
kelonas)
carboxic acids o 1760 cm”' (5682 nm)
CSESE . 1820 om' (5455 renl
syt hakdes 1800 cm™ (5555 nen}
| amides 1650 cm™" (€061 nm) assoclaied amides ==
[ 10 cm”' 1-64
caibiretes (aalts) ‘1‘::]0-15.0 cm” (6211-6452
aming acid | 1550-1610 om- (8211-6452
rwlitecians nmj
A O-1060 em™' (9424-8615
pelmany ['\E;‘, 060 cm™' (89424-9635 sirang, bioad
akahola secondary ~1100 ¢m™" {—=S081 nem) slrong
150-1 - {8a33-868
testiary ’:“5(.\— 200 ¢m™ (BA33-BO6 | L o
E’_‘?'ﬁ arty 1200 cm”' (3333 nmy
c — alphatic 1120 cm™' (8929 nm)
o ollwes 2 1220-1260 cm™ {7S37-8197
aromalic o)
125 : 5000 ]
carmoxyic ackis any mzn")o-wco ERAL
=7ty two bands (dmbrct froen
esters any 1100-1300 cm™ (7692-9091 kotones,  which  do 0ol

pozsess a C—C tond)
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281 (Infrared spectroscopy) ( 8)

* |soamyl Acetate : (CH3)»,CH(CH,),0,CCHg )\ﬁ i
0
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¥ i | ¥ I T i | T I T | | T i | i | ¥ 1
4000 300 300D 2N 2000 1500 1000 s LE]
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281 (|Infrared spectroscopy) ((9)

* |soamyl Acetate : (CH3)»,CH(CH,),0,CCHg )\ﬁ i
0

100 -

- W

L -H (reethyleres) C-H

Transmiltacne (%)
=

i =0 lester]

i esben)

"u i 'I a 'I L] I L] I L] I L] I L] r r r 1
£500 4000 3500 300 200 A0 150 1000 500

YWavenumber (cm-1)



* N, N-Diethyl-m-Toulamide




Absorbance

P

T T T T T T T
4000 3500 3000 2500 2000 1500 1000
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Si ge] % 2] absorbance IR spectrum
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Si(100) HelME 273 714259 cleaningS H5E ¢ &7 =2s= IR

zdAEeHe] #a

T T T T T T T T T
4000 3500 3000 2500 2000
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e
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o
FaaWeN

4000

T T T T T T
3500 3000 2500 2000‘ 1500 1000
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H-terminated Si 9l°]® 2] background IR spectrum
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FTIR spectra of the APTES.

4000 3600 3200 2800 2400 2000 1600 1200 800 400
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FTIR spectra of (a) sodium montmorillonite, (b) APTES-

MMT and (c) subtracted spectra (spectra (b) - spectra (a))
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M oM 228 (Infrared spectroscopy) (14 )

Relative
absorption

V(H,0) V(VOV)
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A = IR spectra
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Relative
absorption
v(H,0)

4|
V( C 02) Sym.

CH bend.
V( C 02) asym. \

_ v(C-0O)

CH, rock.
—— CH, twist.

—— CH, wag.

CO, deformation
CH bend.

CO, rock.
rcoz wag.

4000

: o(OH)
CH, scissors v(OH) K
v(CoO)
[ 1 [ 1 I L [ L [ l [ Il [ 1 I 1 [ (] [ I (] Il [ L I L [ ]
3000 1500 1000 500

Vv (cm™)
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etek 2281 (Raman spectroscopy) (1)
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etek 2281 (Raman spectroscopy) (2)
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etek 2281 (Raman spectroscopy) ( 8)
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efet 22484 (Raman spectroscopy) ( 7)
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