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Example: Calculate the speed of light in diamond.

V air V V air
= ) ; diamond —
N V diamond |
V 4 3x10°m/s -
diamond = =124x10"m/s
2.42
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A |
l ’
- 9 v
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Glass f n:
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R
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Wavelength and Refraction: The energy of light is determined by the frequency
of the EM waves, which remains constant as light passes into and out of a
medium:

Refraction is affected by the index of refraction,
the velocity, and the wavelength. In general:

that only the index n differs in the ratio order.
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:Reflection of Radiation 4xdY) L\l
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Total internal reflection occurs only if n, < n,,.

P A

4~ angle of refraction 6, = 90°.

Any ray with 6, > 0_;, shows @
total internal reflection.

rrrrrrrrrrrrprrrrrrrrpyrrrrrprrperrrprprrrprrrprrrryeyrrrrnrnld
— i

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

L e k

Ay Uy 93¢

BN e
Field of
VIeWw
5.:;,.5\ Eyaprce
: Eyeprece
5 for resding
Fined| |1
telescope| |/
C—Q“ ~ ——tl | il
Lens
Adjustable
Aﬁk; /’ /" Graduated
. prism 2" xole
,/I ’/, CJA‘ \,"L“
7 ’
Critical » O e 5,
R ~~viny s Noneritical
rays el Sop St 2
Sample S8 1 ‘4(7* ot om e pf Caslal
ﬁ"}m' |’ \laotliobk-!
. rigm 4 - D -
WA (LS
oo ’

sssss

Hinge

A Al il

:0) Cua
pSaiall &MY\ LAY
LAl glety) 55 ¢,

Ol sl LSV ez g, 2

s s Jalaa (bl ) Slga

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



rrrrrrerrrrrrrfrrrrrrerrrirrrerrrprrerrrprrerrrrirrrrrrrrnrl

o S Jand Anpusy 5 58
m‘slcLéjm‘Jﬁﬂ‘ﬂﬁq&&@d‘jg‘ﬁm‘Qﬁ)ﬁﬂ\wchﬂ‘wa\#sme.ﬂ}

:Polarization of light and Optical Activity 4l Adladll g ¢ gal) Claiiui

Ahaiioial) A& ands il sisall 538 (e 2a 5 (5 e 8 Lalid Caand Al A2V (e
el 6 Fhia oy LA 238 48 Liaat (Al (g gluall e Glhag

Lldafiy) 6 St cany QAN (5 lua e (52 sanll (5 ghuall L)

CHL@SLﬂbM%J‘M\ ;}bj\djﬁmjjﬁg\ziu‘«ﬂﬁ&:QHMM‘SJM‘
Al Qe dolae pria gy Bal JSA) calitae (g ghe A LY

O LS L ilae oLZI oo Bacll Lolze V) oyl 2ag o3a N

Ldlste claldl T84 \plemte Qi o blita, oS Ol Los>
atdl oSy - () S G ce K pall Ll oLE) Je D5gs Leas
Hazy ol (ADA)Y JLEZYL iz, SUE ol g2 2 oa ..l’-!, sl 3 ‘?SL.J.K.N
‘_,K_.JI S lor B Yy X ,,Le LS 3 (COT)5 (BOB) cpsaalazll 425 0 JI
@il LE @ LoBl U (Potarizer aiz ) Zohaazdl 3ol of . ()

L) glaz¥) 5, 4o, (BOB) o5 ledly (COC) M. Liil s .
Lebasl It odn 3 (o s ()UK oty S92n (3 GIRAN) o5 15
. ~ -{Plane-Polarized) «Jaiz.dl (5,21} 3 Llazz_.

4.8 f
£ |Direction
of
c—P—c 0 Waie
fravel
>
28 ¥
Y} B
() =
Lamsolid g S 2SS 51701 Shatt £ (o 0o o] ) R8N

Gazadl § Ldadzaliy Loluzeli

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrfrrrrrrrrrrrrrrrrr e

L]



s e

Hlytly sl am 0¥ sy wlooSl @ 58 2l Ll o

Gyt g2 345 LSl (Asymmetric) J3UE (s4nn 41 J3L2 S U d 3
L oL2L) ) I LT Bl go glay o s e o) izl 4,
ey Ll JI Ly (Dextrorotatory,+) + ol ey (ALl o lie

: _,ALJ‘:.H__oi_A G,a5 . s S Ay € (Levorotatory,~) — PV A

33 (Optical Activity) & ) ZJlilly

(o)

(b)

?.Z.Ng_,.hl‘;-oor'o:

N ————pm

‘——

&3l

Dextro-

|rotatory |

Levo-
rotatory

»..aU.l'..-)U -QJJ.-‘ oY)

|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

A Sl daiins 530 ol o b Jd Jle 3T pringy dalait

sCpdia ) 3 gall Cileat g

U e lladl) ol gl st 5 olaBiud) (5 gionn s 5y o e 3 0lall o) sall $Y )

.Optically active substances

Alad yadl 3 gall ani s cadaiiuanall ¢ gaiall (5 gime 8 e ALGEN Ll (d A1 o) sall LG

.Optically inactive substances b _s<

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



CHZOH
C O
HO— C H
7 C OH
H— C OH
CHZOH
D-Fructose

|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

e qus Al 2

mirror

ClJHZOH
5
H—(I:‘—OH
Ho—?%H
HO—?LH
CH,OH
L-Fructose

CH,0OH

p-glucose
-OH on the right

mirror
1

CHO
HO—1—H
H—4+—OH
HO—f—H

| HO+—2—H

CH,OH

L-glucose
-OH on the left

* chira

EJ,.o UJ-"‘

lca

A, shd Al 1 sl e e & pad) Adladl) Adiady w

Lol a5 danss Laaie 1 el Lezdlas 0dis o 55k LS e (1)
LI ey Gl d1 Jgal o) Jlgai¥) 5l 11V, (Crystal lattice)
or oW LB oy G0 ga LA o ot ik Ty
PBCly S 35 dal) ly ) Gamy NaCIOg pyap—all ol )lS

o LS5 @ S pae ) el Lzl 508 gl 2SN )
UL el Gasy Ll oda Je JailE (3)ly (Molecular structure)
oicn olis ol 231 D @ ST doke @ 0SS OF e S A3kl
dge S e o) 5L S @ 3,550l) LS &y LS U
25 ol L Lk alg euls JaT 0508 35 202
Ay gal B o oleas gl o) B ST Le L G
Las (Polarimetry) g__.L.Lz;..YI.U_L:x, sl £ 3oy OLS c;-;‘.,-“:
Anshas 3 GYYI I Jas 5428 g ohll o gyl Tin Ty

rbon

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



e 4y Caay s L ooy Aladll s0lall Lals d6a 545 :Specific Rotation =il &) sl
die sy Cua 1g/cm3 salall Sy (?"‘"J 1) ldm « Y Jshb & 13) 4.25;14!\ Sila Hall
AN Aabeall (e oo il Gl lua Sy Cpima (o2 50 Jshas Bl s Aa o die 4

100a

to _
[ﬂ]k LC

ol Cua

A oolaia o sa Jshay Cilaine el aladiuly £y 5 s Aa 50 die e il o5l o] *
Olsd ) i

10 e amsis (pasd) 73540 L) Lgaity 30 Aiload)) J ok 1L

100 cm? JSI clal jalls Jslaall 8 Al 58 53 :C

d_.acJMM@EJM‘#‘_)&X\Q\Jjﬂ\wg._am;ﬂﬁumj n
to _ 100
[e]n.” =7~
Ld )
1Ol S

g/cm3 Cilas gy dulss 48K]) . d

4l 349 Molecular Rotation (a0 Glosal) 98 9 Jlaall 138 (A addiey At a9
Al ABSally ade sy g [M],10 Jaul

t
[I\'I]-tO _ [(1]), 0 X M.wt
=
100

Ly Alladl) 3alall 2 5all 55 Muwt o) s

1 le ainy o ol Gl gl o) m

L@.&u\).ﬁd\ﬂ\ 'SJLAJ\ZUL__L}L}@)A\ d)ﬂ\}'&)‘)ﬂ\:\;)a
sle adiad o) gl Aygl el

s gl L iy ) iy 3l S 55 e 53

Zasaill JMA Sl o lei¥) Lgadady Sl Adlsall

s> sall skl

(il dapla

Bolallda

N IO

rrrrrrrrrrerprrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrprrreel
rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



:Polarimeter Uaiall

Sl sall J8 Alaiall Ja ghadl) ~ .
Sl ass Aadadial) da gadl) g i ¥

.« | . | .'/\" -\
- ==——+

\_/ /'

l
=] O]€>

10 GsSh Cua Gilhaal) Glga Adad) gy UaBiuN) (il dus) 2 a3 m
33 i Y] Jaad el sre D

JS ) sdige e (g stuall laine ¢ g Z ) e Jony alafie 3

4lae 31k e zasaill 36l 8 () dsasll G paaldl (pSail 1ainld jiia S5 sdse 4
sl e oy e az g J g ladY) 305

o003 0,5 a1 canad 2 Jsha 3 gaill g gl oalaj sl 5

i) 5 goall Aaslie 45ild Jae 6

sl AN (i pad dsula sl Javse Jleadl e oy a5 05l sl 3 (el g s e laaze 7
NULTERERE

rrrrrrerrrrrrrfrrrrrrerrrirrrerrrprrerrrprrerrrrirrrrrrrrnrl

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



spUaiin) Gl ik

o=l e uie i e Cagoh dad 8 S el e gl Glpsall Jia e il sl
Cro oS 20a] 1da 138 5 jleaiV) o) bl s o o LY Jalas s adls e il anaiall
i) el sall s il g S Jie Gaglall 853 5a sall 3 sall

S G U geay Alladll LS all oS bl G (il aladind (S 1 oSD) Jiladl) 2
=l Ol dad day y cllys 5 plaall Gilyinie JOA e Ly jeay Alledll ol gall 3 5

Sl Aelia i Le axdis s C S5 ae ] °
Al SY saill caliadll o il Gy sall puadll dailie Bash Ge A jall S il ad (43

_ :Absorption of Radiation gl yalaial
1e (gurbliiay o5l £ Lat¥l i Lo oo 5 D) olaze WYy daidy

5,50 oy L5le o) L ) Lo 3l oo BB Tid N5 e 03U
A8 G pladd Lpd) Lackall Bz Js o plas¥) oluati
Uslal Uiy Lo _gay (Quanta) sty S IS8 005 wligiadll 16l o
125y all LY

E=h2

,3) 33UL o5yl plahol Jas 15) il 2ays01 i) i adey
26 Llany 3l J) U Jasl @ sous sl Sl (52 5 o) o)
Osill Lalb (ot ol L) pledb dbiz ) 5ol ol s nmsy - Aol e
Syt 3 JE5 Gpe Ll BRI 55U jolaza) D> By LgaEY ) 2LE
(5,0 ) Jel D ) Uyl L
M+h2— M
BU D> @ olgl) ame of BN A 3 Bl JEM o e

o Jusyl el Lolaza¥l b &)y «(Ground state) Seedl > - Z.LL\)J\
.(Excited state) 3,U¥) Ll> S saaldl I

rrrrrrerrrrrrrfrrrrrrerrrirrrerrrprrerrrprrerrrrirrrrrrrrnrl

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



LLLLLLLLLLLLLLLLLLLLLLLLLI_I

15 ) Als a9y oLl & JS)

3Ll L)

E1 Excited state

;Jl_JY|6’L¢4

P30 | il | BN )

E Ground state

E= AE=E, - E, ol sy

O asdsall yuaie 5 (331 3 Al Jie 4y Al Lala V) @Al (alaiel) (e g sl 13 Gy o

O (S 3 (3B Alaial) Z8Uall Y dae 203 gane s Aavy (5 A aliaia¥) bkl

sy Yy el Al (5 stue A SISI gl aalg g SIS ) 3yl e s 3 Y1 sy
rolial JSEN 8 LS 5 (358l (g g il 13gd )y 50 ) 030 a5 5Y

(]
,‘Jlji‘..\“ Sy

ALl (e i (35 3 A
.LfJM‘ uabaia¥l (1
sl Galaaia) (2

:Atomic Absorption ¢ gabaial) ¥

g

n=3

rrrrrrerrrrrrrfrrrrrrerrrirrrerrrprrerrrprrerrrrirrrrrrrrnrl

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



@J\AJ\ J‘JAM UJJ“SHLG—'SC&’).%U\ uSA:\L;d\ FEBA &L&b).mmc;aychi\ dS.JJ\ %
3p ' 3s O 0 AW L Ledie o g3 seall 3 )00 (SN ) 5 iSl))

[
[
[
[
[
[
I
[
[
[
[
[
[
[
[
[
[
[
[
[
I
[
[
[
[
[
[
[
[
[
[
| - '
y y y I
[
[
[
[
[
[
[
[
[
[
[
I
[
I
[
[
[
I
[
I
[
[
[
I
[
I
[
[

1s2 252 2p°® 3s!
oJJJua\AJ\_)MY\u}m}AtWY\u)SJeJJJM\ﬂB‘;}MLEWME@PJmt_\.\;
LQJ\JAJMY\L;LH\LQM\LA\Jyue.\h\jér_\ﬂ\.ladjmé\u})ﬂ‘ﬁ\c&)ﬁg\e}mﬂ\
mhgﬂ\ﬂu\@}m&\ JLAMu;ﬁy‘t@ﬂ&f@”d&\uﬂj(éﬁa\}“aw\)
E\]\‘\.\.ﬁ.ﬁ\ u.u\.u\d.\.uo&} u\.ua\]\j‘_,’_m)l\ UALA.\AYB‘_A.A\J\ a\_,.\.wa‘_;\ Jyu(uo‘).ut.m
ngﬂ\uawY\Lge
d&\o&du@;uu}\a&wjﬁ\ﬁtksk;\h\ Sp sl dp ) S (s SN adi g e
C_I\_i).\muﬁ&_\ﬁ)j\ Mw\}ah\Je)@&u\m&é;\uJ)ﬂY\Ajz_.guluj.u
M\é;cﬁﬁaﬁ@d&\@us&uj
oamm_yod\}kbj«_ﬁbyﬁd&mésM&uuafdsc_gu\#emu_,)ﬂ\J}u; °
.al_m\ M\h?@jﬂ\k#\wwm&@

- 5P
= t
0 1
> | |
3 7 : 4P A
3 ,
= Y y ; 3P
Q ]
m ]
3s

A

JaJﬂ\w‘_A;\auj‘).\ﬁ‘dﬁas.uu\M\wﬂbdﬁﬂ&c‘)h\)\)muﬁc\ 131 Lal oo
t\)sl\)udd};as.d\ O SV e 3ald Llall el jladdl (pe il g SV aad Jasgy A0 oa
vie Gasgle 135 (Tl el g Jsb) e 2oy b (0 6<8 Daiall @l g3 8l o)
(dw) A8yl Ay ya ubjjﬂ\@ubabm ) <l Al oy p2d Al Al A=l Ealanil

y\.ﬂ\d&m&\h‘}[

|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



L

I_I_I

u

:
:
:
:
:
:
|
|
|
|
|
@

i

o

p =

o c

© 2

K O >

3} bnnu

L o)
@

< 58

s >

) Qo

O i

Q

(18]

rrrrrrrrrererrrrrrrerrrrrrrfrrrrr bbb rerng




:Molecular Absorption &l galbaia¥) ;L

&L\\Jﬂ\ PARE P )m\.ﬂd\.ﬁ <asy 2y ol

Ay g 5 M Galaio) Al gdadde 58 Laa yu€ ax ) daied S0 ey jall 280N il givse :Lals
A5 Had A8Ual) i si) ool JSEN L Cpe LSy a6 804 2l A8l cYls axe Y

Eo, E1, Ez.....) Jis Electronic levels 4w ) 45 i<IY) A8l il sive @lllia Eua
@Y e 4236 (Vg, Vi, Va.....) Ji Vibrational levels %) yal 5l 403 <l giag
il siaen lllin SIS TR +lpenl) ind Aad¥1 3 LS ol V) & (e Ay Jal b il
.(ro, r1, r2.....) Jis Rotational levels 4 ) 5

T (358 La 3halia gLl s i gy e (565 3 IYT QYT T3g) da 3001 3L (b 4ule
AUl A8Mally o 4y all 40D A8 () 5 (Vis) 4 el (Uv)
Etotaai = Egleee T Evib. + Erot.

- = o
q - m Va
Ry —— ¢!
B ———e & V
q gec_ct’"g Ry —— ¢ E, - Electronic Energy Levels
xcite Ry ———R2
q Electronic Rs:? V2 V, - Vibrational Energy Levels
State [ ——
| ‘—Fu Vi R, - Rotational Energy Levels
n e R
n = i
>_ 2
©)
E Ry Ra v5
Ry Rz
=z R —2: Va
w First BV,
(O] Excited g‘s—n,
Z Electronic P — Va
) State R? Rz
< Rs Vi
Ll Ra R,
E Rl E1
- 2
q - ~ R: Vs
Ry
q "
Ry :
Ground Ry o Vs
q Electronic Ry 2 Vs,
State Ry 2‘
5 . oV
Rg 1
Rs Rp
5 - 2

B
N SN SN NN SN S SN SN SN S SN SN SN SN SN SN SN SN S SN SN S S SN S SN SN I S S S S SN I S S S S SN S S S S S SN S S S I S S S S I S S S S S S S

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



G 3kl aa nhalina g Sl £ laiY) Alelia dic; Emission of Radiation §lady) ilayl
Al Alenll) L) ulaall Llaall Ll mbiataV) duleny 3L ) gLt 5o Jii 4L
¥y i A A3 ) Blall A0 A8 (e 6 o L st 30 5 (Lomboaiad]

AsalSail 3 jalda ga Balall g undaline g Sl & L) (G dleliall o)
oo paiall 3 jres dua go J)ghal die Lt 308 g 3ala Ja ghad e A0 AN Calay) aludal call
Line Spectra a:hall csLlY)

:Fluorescence and Phosphorescence Jiwdill g ) glil)
Ladic 35 Uiall 4t g SV by ghnall (panim Alle A il ginead iy Jadl U5 CA) jmny 3
Ll ()8 8 diday il jall o2 (S5 Lavie 5 asleaill dais Al Leiids (o Lo 3585
Al Ly 3ok Ge 3Rl Leilla ) 2 g Loy Ll alakaal) (83 5k e daniall 4 5 1SV

5 )8 (e ) B o) Slanil () &Ko g daliaal) AV 20 5 e S8 20 5 Ll A e
3 guanl) LS Al 2 5 allall o4 Jaad gl oldilly 3 aual) sda oy 108
A e S LS all
Balee (55 G ooliie 1 il 5 jalal Aglia ol Aol e LIS (Bl iuadlll 5 AU Lol
Clasil (a3 Lo (aliad Ll salie V) ) lail) 3 jalh Gaud (udyy Lilagl 5 4alV) (aliaidl
A 10— 107 L8 (e 055 Eun AaSY)

%

240 SUlieall aa) A (e AsaiiSalf LgaBla 2885 o) B jlal) Gil8AL (Saall (pa

A R ;E T : i Eree e
.. N —
=11 R = —
% A E \ X T1 ]
= Hi |F R
—f 107 sec H 102— 102
So ! =y ] sec

WM‘&M\dMMJOGSJ@M\
5 el g 5 5 gldl) S AU (il Al Jad ASDED ¢ 53 jalall

rrrrrrerrrrrrrfrrrrrrerrrirrrerrrprrerrrprrerrrrirrrrrrrrnrl
L
I
el
[
®

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

O 58 Al (i Al (53 8 Cilaail as (E) pnd) (A LS sl Al )5 5Ll 3,000 0 g Lay
&JSUJM‘ - a:\lud\ 0Ja Gﬂ:.ﬂj L"_i\J.ﬂ\ }SJGJ G gﬁﬂ\ ud\.&éhy‘

A )l deadiial) 4@l Wbl a5 Resonance Fluorescence
Gl 8 @Al S Ladie € dplaall o2 J seas JWis) of ¢ Atomic Fluorescence
bl g dara caad gl 4 5l

lladal Cans S Al 5 SKIVI (5 ghonal cyae Al 5 591 28 55 o 40 5l
C(R) pend) (B LS 03 el i) dpleny S (5 sisall Al Un sl () 3523

RN il e dleny §1 5yl Alall 3 a3 o) 5 3all (K g

.(C) #¢-! Internal conversion

(R) pensdl (5 ) ladliai daii Sy (s sinsall s Ua gl ) ann 5 L 3y 5l 2665 Novey

JSi e Lo led) d8la Cila) pa (H) pgnd) O sSaall 5l Sl a1 Alla 1) 4 ) 0 g 8 1

s_allall e i (F) agd) (8 LaS dnil by o oSl Al )5 liall ol 53l 2 5a3 28 1 3 ) s
il sl 5 gl Gatiaal) S LadW) 23 55 e JB) 023 53 () oSh (gl 5 el W) ) slally

Jsal) e dabany Ty 5 laliall 50 ANl ) Sy 0 jaiall Al (e 3 ,Viadl 4y Jall J s 38

z)so)) s allall oda eatis (X) aedl Intersystem crossing e shiall Jals
(o) Ll 88l 2 Sl 3 53l ey (Tz) e (035 5 sine (48 A3l 5 (5 SSIY)
(R) peed) 331 15 i) Adaay Ty Aa Uag)

aendl  Sp 8T ) T 5Ll AESEN Al (pe (33EAN (any 3 925 ) (Sl (g

iwdill dlaall ol ediy Cligigd JS& e dclxdl Adls Eilayl At dua P)
435 102 — 102 5,28 (1 3 s Phosphorescence

So ) Al LY 3585 Ty 5 il AEN AN (e G180 pines o) Syl (s
aJ\ﬁd&&#@\aﬁ&uM\ﬂuﬁ(H)*ﬂ\

A

2

i

da gall 2ac 5 o sall Jshall a1 a1 L3 530nm e SR (o2 se sl el e guiall /s

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



Gl Juadl)
(rouhalita g gsl) gladl) alualialy asl) Jilal)
Quantitative Analysis by Absorption of Electromagnetic Radiation
| o G i paly
glad (e da ) @JL‘;M\A\}&MM&@LA\MSM\ Gl jall e A daglitall 33 3 )
Lo ai Al Ao LY 28U (e 4 gladia o ol aiad (5l ala)

* Beer-Lambert law (Beer's law): The absorption law, also known as the
Beer-Lambert law or just Beer’s law, tells us quantitatively how the
amount of attenuation depends on the concentration of the absorbing
molecules and the path length over which absorption occurs. As light
traverses a medium containing an absorbing analyte, the intensity
decreases as the analyte becomes excited. For an analyte solution of a
given concentration, the longer the length of the medium through which
the light passes (path length of light), the more absorbers are in the path,
and the greater the attenuation. Similarly, for a given path length of light,
the higher the concentration of absorbers, the stronger the attenuation, See
Figl.
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Figl: A demonstration of the Beer-Lambert law: green laser light in a
solution of Rhodamine 6B. The beam radiant power becomes weaker as it
passes through the solution.
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The Beer-Lambert law relates the attenuation of light to the properties of

the material through which the light is traveling. We will take a brief look
at the Beer-Lambert Law and explains the use of the terms absorbance
and molar absorptivity relating to UV-visible absorption spectrometry.

Fig2: Attenuation of a beam of radiation by Absorbing
an absorbing solution. The larger arrow on solution of
. . . . . . concentration ¢
the incident beam signifies a higher radiant
power Po than that transmitted by the
Py

solution P. The path length of the absorbing =
solution is b and the concentration is c. § %

~ba

Figure (2) depicts the attenuation of a parallel beam of monochromatic
radiation as it passes through an absorbing solution of thickness b cm and
concentration ¢ moles per liter. Because of interactions between the photons
and absorbing particles, the radiant power of the beam decreases from Py to
P.

AL Ll 50 A U 3L g L) 5,08 G A $AE
The transmittance T of the solution is the fraction of incident radiation
transmitted by the solution, as shown in Equation (1). Transmittance is often
expressed as a percentage and called the percent transmittance.

T =P/Po (1)
Percent transmittance = %T = P/Pox 100
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The absorbance, A, of a solution is related to the transmittance in a

logarithmic manner as shown in Equation (2). Notice that as the absorbance
of a solution increases, the transmittance decreases.

For each wavelength of light passing through the spectrometer, the intensity
of the light passing through the reference cell is measured.

The intensity of the light passing through the sample cell is also measured for
that wavelength - given the symbol, P. If P is less than Py, then the sample
has absorbed some of the light (neglecting reflection of light off the cuvette
surface).

A simple bit of math is then done in the computer to convert this into
something called the absorbance of the sample - given the symbol, A.

A=-log T = -log P/Po = log Po/P (2)

Measuring Transmittance and Absorbance:

%

a

a

q

%

a

a

a

a

% Transmittance and absorbance, as defined by Equations (1) and 2 usually

cannot be measured as shown because the solution to be studied must be held

q in a container (cell or cuvette). Reflection and scattering losses can occur at

q the cell walls, as shown in Fig 3. These losses can be substantial. For

q example, about 8.5% of a beam of yellow light is lost by reflection when it

q passes through a glass cell. Light can also be scattered in all directions from

q the surface of large molecules or particles, such as dust, in the solvent, and

q this scattering can cause further attenuation of the beam as it passes through

q the solution. To compensate for these effects, the power of the beam
transmitted through a cell containing the analyte solution is compared

q with one that traverses an identical cell containing only the solvent, or a

q reagent blank. An experimental absorbance that closely approximates

q the true absorbance for the solution is thus obtained.

a

a

a
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. . . . P Py
Fig 3: Reflection and scattering losses with a A= log 7” = log P”"’“‘
solution contained in a typical glass cell. Losses soluton
by reflection can occur at all the boundaries that
separate the different materials. In this example, .
. . . Reflection losses
the llgl.l( passes thr9ugh the following l.)oundarles, at interfaces \ \_./
called interfaces: air-glass, glass-solution,
—— E—
solution-glass, and glass-air. ] ] .
- -« Scattering
losses in
\ / solution
Incident | Emergent
beam, P beam, P
-« e
-« | -«
\Reﬂec(ion losses

at interfaces

* The absorbance of a transition depends on two external
assumptions:

Beer’s Law: According to Beer’s law, absorbance is directly proportional to

the concentration of the absorbing species, ¢, and to the path length, b, of the

absorbing medium.

1. The absorbance is directly proportional to the concentration (c) of the
solution of the sample used in the experiment.

2. The absorbance is directly proportional to the length of the light path
(b), which is equal to the width of the cuvette.

Assumption one: relates the absorbance to concentration and can be
expressed as

Aoctce (3-a)
From equation (2) The absorbance (A) is defined via the incident intensity
and transmitted intensity

A =1loguo) (Po/P) (2)

Assumption two: can be expressed as

Axb (3-b)
Combining Equations (3-a) and (3-c):
A < ¢cb (3-¢)
41
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This proportionality can be converted into an equality by including a
proportionality constant (a).

A =logao) (Po/P) =abc  (4)

In Equation (4), a is a proportionality constant called the specific
absorptivity. Because absorbance is a unitless quantity, the absorptivity must
have units that cancel the units of b and c. If, for example, c has the units of g
L and b has the units of cm, absorptivity has the units of L g! em™. When
we express the concentration in moles per liter and 5 in cm Equation (5), the
proportionality constant is called the molar absorptivity and is given the
symbol €. The constant € is the molar absorptivity or molar extinction
coefficient and is a measure of the probability of the electronic transition
Thus,

A = Ebe (5)
where € has the units of L mol! cm™.
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Deriving Beer’s Law

To derive Beer’s law, we consider the block of absorbing matter (solid,
liquid, or gas) shown in Figure 3F-4. A beam of parallel monochromatic
radiation with power Py strikes the block perpendicular to a surface; after
passing through a length b of the material, which contains n absorbing
particles (atoms, ions, or molecules), its power is decreased to P as a result
of absorption. Consider now a cross section of the block having an area S and
an infinitesimal thickness dx. Within this section, there are dn absorbing
particles. Associated with each particle, we can imagine a surface at which
photon capture will occur, that is, if a photon reaches one of these areas by
chance, absorption will follow immediately. The total projected area of these
capture surfaces within the section is designated as dS; the ratio of the
capture area to the total area then is dS/S. On a statistical average, this ratio
represents the probability for the capture of photons within the section. The
power of the beam entering the section, Px, is proportional to the number of
photons per square centimeter per second, and dPx represents the quantity
removed per second within the section. The fraction absorbed is then

-dPx /Px, and this ratio also equals the average probability for capture. The
term is given a minus sign to indicate that the radiant power undergoes a
decrease.

Figure 3F-4 Attenuation of a beam of electromagnetic radiation with initial
power Py by a solution containing ¢ mol/L of absorbing solute and a path
length of b em. The transmitted beam has a radiant power P (P < Py).
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Recall now that dS is the sum of the capture areas for particles within the
section. It must, therefore, be proportional to the number of particles, or

dS = Cdn 0 eeesesseseeeeen (2)

where dn is the number of particles and a is a proportionality constant,
which is called the capture cross section. By combining Equations (1) and (2)
and integrating over the interval between 0 and n, we obtain

ldp l "a X dn
Ja &

which, when integrated, gives

P an
—ln— = —
P, S

We then convert to base 10 logarithms, invert the fraction to change the sign,
and obtain

where n is the total number of particles within the block shown in Figure 3F-
3. The cross—sectlonal area S can be expressed in terms of the volume of the
block V in cm?® and its length b in cm. Thus,

g
=
-
=
-
=
=
=
=
=
=
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=
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=
=
=
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- By substituting this quantity into Equation (3), we find I
- i
P, anb
e ...ccoccosansess 4 [
u °6°p 2303V @ |
a |
] Notice that n/V has the units of concentration (that is, number of particles per |
q cubic centimeter). To convert n/V to moles per liter, we find the number of I
moles by I
[
n particles I
q number mol = ————; . |
q 6.022 X 10~ particles/mol |
[
q The concentration ¢ in mol/L is then I
I
q n 1000 cm®/L I
€= o ygn mol X ————=— '
% 6.022 X 10~ Vem I
000 [
q = : ! > mol/L [
6.022 X 10~ [
q I
[
q By combining this relationship with Equation (4), we have I
I
q : S [
q I Py 6.022 X10 abc I
o —
q 5 p 2.303 X< 1000 I
a |
q 1na11y, the constants in this equation can be collected into a single term e to I
- |
[
a ’ |
q A = log = = gbe [
P I
q I
q which is Beer’s law. I
[
a5 |
[
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The transmittance T of the solution is the fraction of incident radiation
transmitted by the solution. Transmittance is often expressed as a percentage
and called the percent transmittance.

T =P/Po
Percent transmittance = % T = P/Pox 100

Jsh aie 3€ yll 5 40l 4 ghal) daill g 5 pabaia¥) o A83all a8 olia) JIKSY) =
e (o 5

100

oo bae Y1
3
Sl G2 1 apatdl

12’
Concentration — ° Wavelength ’
Sl sagell bl
¢ 36 ) gLl (.35 ) JLa
Lt aitly olaz Yl adl soolat VI uihd il g dpe
oA o 5 Jaby ane - el gl

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



| oot
aie 2:45x10°iter/mole.cm \a s e Loolaiel X S ek
55 pn 25% 0,3 Ll oy 6l pldl @ X S0 36550 . A2450nm
| ool T8 (Sl ke gy Lk mgll Syl Vin e Wiyl
= $1.00cm Jok -

- TH=T5% A 095 25% Laiddl 00 Lanie
' log -"lrl—: Ebc |
log — =log 1.33=(2.45x10° liter/mole.cm) (1.00cm)&.
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C=5.06x1 0—5 mole/liter. -
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A=log ...... =log 1.396:0.145 0850
0.716 : i

A=E be o el ol o
0145 =€ (1.00 cm) (3.00510™2 mole/liter) -
€ = 4.83x10° liter/mole. cm Y CRU TR
:ojg.l.._{_\‘._._o UJ'L;L}:'*LJU"TZ'?:C)":J"’
og 2 b
og { =Ebc .
log‘—_-.—,: £(4.83x10° liter/mole.cm) (3.00¢m) (3.00x1 O;smole/liter)
-]
log —=0.435
T

T=10"0435_ 100565, 145-1 367

Q\ A 7.25 * 10° M solution of potassium permanganate has a transmittance
of T=44.1% when measured in a 2.10-cm cell at a wavelength of 525 nm.
Calculate:

(a) the absorbance A of this solution and

(b) the molar absorptivity € of KMnO4.
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Field 1
separator

Plungers
(glass)

Intensity: When the product of the concentration and the
pathlength of any two solutions of a colored compound are the
same, the same intensity or darkness of color is observed.

Duboscq
visual :
Adjustable
colorimeter Path Lengths
Io Io
Fig. I-1. Transmission of Light Through Solutions
logIQ-.acb = a_cyb :
T s°171 §°272 (5) 3
clbl = ¢yb, (6)
c b
1 “ &
5 "5 @
2 B |l
L= 2= |
Fig. 1-6. Optical Path in a Colorimeter of the
- ) :u!;zy;i: 'l‘y,ni-, Py, P2, plungers; C), C2, cups to
1s is the fundamental relationship used in l:o !1c;d“3xngnil;r:|;g:‘:;:ri)cunﬁ :;;c::l:‘::a‘l){y
color comparators. bright when a match bas been obtained.
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Monochromatic incident light
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Hydrogen lamp
180-350 nm
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Deuterium lamp
180-350 nm
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Spectral irradiance (mW m? nm'1)

Wavelength (nm)

:Source of Visible Radiation 4 »all dhiall glady sl gall jilaall (B
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Relative Spectral Radiant Flux
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Tungsten lamp 350 - 2500 nm  2870K.
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:Source of Infrared Radiation IR &) _eall it la glad¥ 34l gall jaladll (C

e Y 571 a5 6S )50 ealiall MulS) (e 72 3e e 3ke (Nernst Glower s i ma sia ]
8ma (luad U5 e muliadll 1 (5855 olal JSAl1 8 Aipal) ol s Er asn)Y) 5 Y
gl 7l b lelad G L jeS i ahadinly (5 53 1500 CO 50l a Aa o () 3 48 gaa

(Al yus 43) V) Alle oy ~luaall 138 Jlars (0.4 - 20 ) O >4l

Nernst lamp

@ composition
o Zirconium oxide ZrO, 90% wt /wt
o Yttrium oxide Y,0; 7% wt/wt
o Erbium oxide Er,04 3% wt/wt

@ preheating necessary
o applications
o general lighting purposes
o first functional long distance fax
o ophthalmology
o projection
° MICroscopy

tian g a sl ) an IS (e de glan Gl JSG ) S :Globar Glower UL S =4 gl 2
skis 5 om (s e aal gl Jsha o sSilull an IS (e g siian Cunal (e mluadll 13a

1200 CO a5yl s da yy ) 4ands die (1-40 um)w\gM\LW\uﬁ 0.5cm
L) JRA oA i i e gie ) A Jlad) 4l Caaly

o Glow + bar = Globar
o composition
o Silicon carbide

@ no preheating necessary
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Effective band width

N o [ P - Half Height
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Spectral
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Thermal Basic Bolometer Bridge Circuit
Conductance G

Thermal Reservoir

e Bolometer (thermistor) — resistance is a function of temperature.

e Different kinds > Ni or Pt metal or oxides like N1O, CoO or MnO.

e Many have black coating on side toward source and a heat shield around
them.

e Typically connected to a bridge circuit.

e Johnson noise is important.

e Requires stable power supply.
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Golay Pneumatic Detector (best performance characteristics)

pnuematic chamber

detector
— %} source

™~ flexible mount & mirror
Ag coated

&) photodiode
detector

mirror position changes = amount of light reflected to
photodiode changes

Heat from radiation = gas expands =2

Best sensitivity

Response time ~4 msec = heat transfer in gas phase faster
than in solid
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BLACK COATING — PYROELECTRIC

MATERIAL

Schematic of a pyroelectric detector
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photovoltaic ——{— ]

Working photocell
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| e Guls
dale

cell Resistance to
100 — __— adjust T to
o) _ {/ 100 percent
1 50— 5o R SulSe
Percent transmittance — = o S0 Q9
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Single-Beam Visible and Ultraviolet Spectrophotometers:

45 yall dadaiall & Jeall xlay 53 (Bausch & Lomp-Spectronic 20) cal s 1 ik (1

GV s GLESA (4 & Ladie (340 — 650 nm) dea sall JVsha¥) (s (paa Jleadl 138 Jary g

dihidl sdgd bl I jaly Galigdl Jlasiul xie 5 (Blue sensitive phototube) slwsall
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Source

Collimating
mirror

Hydrogen
famp
mirror

Hydrogen or

/’?
N -
|
Tungsten | |
tamp
Tungste
lamp
mirro

deuterium lamp

| {{ Condensing
lens

Entrance
mirror

Beckman DU-2

Sample or B
reference cell

(<

Loadinl) (3 98la g - A yall Alalall Ay g3 Jall dajad) cild Audall (Ll 3 3¢l L2
Double-Beam Visible - Ultraviolet Spectrophotometers:

Reference

Shutter

Filter or
monochromator

Beam
splitter

Mirror

4

cell

Sample

cell

ph\‘l(\-
detector

Py ’ |
Y

Photo-
detector
>

,)

Readout

Difference

amplifier

=

A

0(577{11
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Infrared Instruments

tend to photodecompose compounds, unlike t
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Schematic of a dispersive (double beam) IR
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Double-Beam Infrared Spectrophotometers

le because IR radiation does not
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P {r;_i_?l ________ N monochromator
2 . . ETETTE—
- | reference : :pe \
chopper
e e \
sample | samp_le_| ) S— <.---Z::=,/
compartment IR detector

» Sample compartments before the monochromator (opposite for UV-vis) to
diminish stray/scattered light problems. Possib
he UV/Vis
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The Application of Absorption Measurements in Ultraviolet and Visible

Spectroscopy
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Adliaall salal) ae (gladd dale jue) delitall 3alall 585 alai ot die o4 (E) Saiall 5
£ LiDU Aale Al sale (oS (5 iU Aals)

Alaall 30l ae (g laiDl dale ye) Aleliiall salall ) S5 alai moas 2ie &5y (F) sl L6
(E) el e alisg (F) Gadall o) dua o ladBU duale 43l 3ale (g 5SI] (& Ll diala)
oSle ) ISl e WS 5 Je il ol Alaiiy
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UAJM\ d«éﬁ\
gl pand) caad da il Ciliaa

Infrared Spectrophotometer

T3

sdadia

¢ A pall AaY) 8 o) penll AW oy a5 Gl Aikaiall o infrared ray o) pesdl st dxiY)
(6-1) JSall (8 Gase LS 5 (cmmpdalins 5 Sl Caphall & (5 pSilall) 3 maill Gl sl il
1Y) e J8 a5 (0 5S0 WeS o) pead) 3aiY) Aila (e J8 o) pead) chnt 3a iy dila () o5 el
g s Sl dal (e el e i gt (=15 ¢ o) yaall

Cemen (ol i e gl ool all plaaall (e Cuasiiy ¢ Ayl s dadl b ) jeall cani AW
?*“;U‘“LG‘:‘L"-‘-’\ ‘_A\ Z\&L\AYDQ\_ULA_\»S‘ e\).;;yb‘ Y "l L.)‘“}‘Z..’ ~=‘j\2“ T’JSML.)A * .... gﬂhS}

¢ omalall DUl L Ley ysaatl) (S (ST ¢ 5 pmall Cadl L) 0S¥ o) jeall cand A SV
A e Gl g ) pall g lad¥) e aaiai LY

6,400°F  2,150°F 850°F
.76 um 2um 4um 10% um
. In general, discussions m
Short Medium mfrared wavelengths are
wave wave categorized as either short,
medmum, and long. A more
precise description of these
wavelengths 1s m Microns, 2
unit of measure that is
1000= of 2 millimeter.
Gamma X Rays Ultraviolet Infrared Microwave Radio
Ravs Ravs Waves
lpm 1nm 1um 1mm 1m 1km
10 um 10 um 10° um 105 um 10° um

B
| m o

£1 pand) cad Aad¥) 3 g Adada (pa g (malitg g <l Cial) 3(6-1) JS4
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B A WYY Cadaily ¢ Aalal) Gial ) dallaal ol jeall Chnida Y1 cLhYI a0d3 1y e

.ﬂ;j\d)ms cuaq)d\eu;ér_;\)aﬂ\ w‘)f\m‘;.ug_u; cu)..\a:d\gn.ag
Agsedll 3 ) sall Japdiil A A p2 458N o Jaxig

¢ alal) Jie mhasSU Calad) o Ul dalall ) BY) (any A o) jeall Cnd 428V Clardinl @
AREY 5 ¢ 3yl ¢ oaladl

alaiuly WDl 8y eaill o) jeadl Cond A 5 Al 2D () guaall Gary adding e
o) el cand daiY) Canda

18 paad) Caal P PRAY] dl.h.'

o3 (3lai auiy g —wlaline 5 Sl Cidall (e dxd 5 (3halie ) o) peall Cind A SV 3l Yy
(ot (hlie A3 ) dxiY!

Near infrared 4u 8l o) jaall cad dadY),1

Jazi g A pall Bl & eaV) Cadall apasilly 5 40 pall A BT ) 81 2 iV 028
Sl saall 8 AaiY o2a

0.75-25n or 14,000 - 4,000 cm!

Far infrared 5asall ¢l paal) cadi da il 2

b i s g5 Solall A il 1) oY) LeaSh g Ayl A ) (e 201 8 Aa 51 02a
;QJCJ\&AA\

15 - 500 p or 650 - 20 cm’!
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Mid infrared Jow sl s pealdl cald 4251 ,3

el (& Jani s Baml o) yaall cand A3 g Ay il ¢ pendl Cond AV G a5 2251 028
sl

2.5-15 u or 4,000 - 650 cm’!

Jalaill 3 3¢l 4 Lalasi ) Bhlidl JSI Mid IR s sl) o) pendl con da GY) dilaie ygiad
,c\fﬂ\ﬁaﬁ E\.LJMUA.\H\

sl yaal) ciad Ay alatal

AU ogd dagii salall <ol A 3 U1 Chand ¢ o peadl Canti A 3V 30l iy Ja (eaiial Ladic

ﬁ'u

C.

sl Caany gl salall o2a <l )Al vibration )i 3 s—a 8 sS85 EY) 028 5 ¢ A aiadll
b g3 baa ¢ g all (& Gl Leanil 4y ally &l )M yibrational transition ) k)
e pgall G A slasll ol gl Gn W30 (B s sl ¢ Al Jand g5l Jsha A (50 i

O

Al ol sadl e (abiaial) 138 saie dhasy o3l 20 il ol da gall sl g g

relative mass 33 Al ]
bond strength e jall 4 sSall Jail g 158 2
atomic geometry sl o QIO cwaigl) JSE 3
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ol A ) VY e Y Al s A aieall 22 ddla o sl oSy @llhy
e ol gy g A5l ) ClS all 8 Al Sall Al dagl g )l Aagda g ¢l Al g g e e

oAl gl e @Sy a4 &all Gl M dae e ¢ ggall B4 ) caylay)

nonlinear molecule ba & sl linear molecule (chba g iall & inar ¢ o all
3n—5 =4hdll cliyjall dla b 451 Y eyl se o
3n— 6 =4hdll p& cliyiall A 845 Y cyliy) e o
sgiallalae Jidp G e

) i) A JS Jiad Cas e all A4 ) i) Al coly g e 45 ) 3ia ) coVERY) Jid

(g i) Al (5 g

<l siwe ) ground vibrational state 2a¥) ) 3 ¥ A8l (5 sivse (e ecs ) Jiiy g
AS a Gigas o adl i Jss g« excited vibrational state e Ay ) yay) 8L
o) aad) Cint Al A8 aliaial dagii oo jall 4y )) sl

e Al iy o penl i W) Gl (I3 e 5 - Uidbos U 4S5 LS - a5l

14,000 - 20 cm™

%
a
%
a
%
a
% Jshll Cslie sa 5 wave numbers (o2 sl 2a=ll Gilas g Cadall (g0 dalaiall sda ulE Bale 4
a
a
a
a
a
a
a
a
a
a
a
a
a
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Calii ilas sll 038 5 reciprocal centimeter, cm! las s IR pabaaial (S e g

cm! Glas ¢ linear Adad (o oS5 Aaal) B‘}GA.;Y‘) ¢ i) 48U, & Layh

em! i) Ciglie s g I S g pSaall ol (o Saall il g (g Jysaill

Since, 1 p =10%cm,
Therefore,
0.7pn = 0.7 x 10*cm
=1/ 0.7 x 10*
= 14,286 cm’!
500 p = 500 x 10*cm
=1/ 500 x 10*

= 20 cm™!

(10°um or 10 cm) las 53 Sl 5 ) A sall Jsha padin IS Lapd
.(Micrometer OR Microns) (s s

Lo dohaaa AT M e ia (e aliss vibrational frequencies 4 ya¥l <iaa yids )
finger ey IS O v AV e e 3 IS i S5 ¢ finger print daadl oy

42 g=lA print vibrations

|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=
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sl (AUl pdaall g g e cad g o Al b s ol LS

Types of molecular vibrations 4 jall &3 Y g il

Stretching vibrations (alasi g aaailly ) 35a¥) 1

o e (ELSEY) g aaail) 1 55 ¢ bae Cita g o3 G GELSEY) g aaadly ) pay) L
D (50 O O A8l s 6l along the bond axis oM G ddal Hl ) saa
)5Sl G W0 Sl saall

(L82) Oe gl Ofl—aie (55 S AS L e g (A O3 0w D1 Y18 ap 35 (S
AS i vie Ly g bl a8 e i G A e O Ll S Cung

108 o A (AlaSiY) g aaailly ) AN amdlyg

isolated stretching Jsjme s Unsua s 31 Jia) (ilasi g aaai -1

@)}E)JL@J\ umgg);‘_g@.ﬁ)ﬂ\ 4.)4.\\)]\ dla cLSSBJ;U‘LJ:u\J .J.J.udA__ug&}J\ Jaa
s B -C=0 Aulig SN dda ) 5l H-CI

coupled stretching g3 3a ) ) (hlasi) g aai -2
Oalfinall o5 3a (8 Ol oo Jie ¢ B ) (i 8 STl il ) s Jay ¢ il s
Ot 6l e s SN dadi i (5 S8 ,0 2 Gas H-C-H
1@ 9l 31 AN LalasiY) g aaall) e (e g8 Caag Lid g
sl 2ol dasy 4y symmetrical stretching (vs) Jobalie g 933 (ilasil g 314l o
(6-2) JSG ) s A idaal I LSS
aaaE 43y ynsymmetrical stretching (vas) —JAbale g€ 7933 Gilasilg 2aad o

5 (e gy LaS dial Jia Ay yhay g Adaalll i 3 (5 AY) GRS Laiy Jasl 51 (saa)
(2-6)
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D

Symmetric Asymmetric

O O
ASYMMETRIC SYMMETRIC

Jiladal) e g Jilaiall 7 g3 el (laSiN) g a4l 5(6-2) JS

Stretching vibrations

Bending vibrations sUaiNL ) 5aY) 2

Gl AS a (I gam Lae ¢ (sl I G Al 1) ol 5511 Ll 5 L sy <l il o2
bjiu’)ﬂa.v\)j\&jﬁ_..wouj t_ﬂ‘)ﬂ\z\s‘);ujﬁﬁj 6&4\)\)}&5&\_}\9}‘5&\
Oidal 1) (5 sie

e
zo
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18158 Al ) £UaiVL ) A andlyg
Rocking JIja)- |

in the same plane o) 3¥) (s sinsa i 8 ala¥) ) g alal) ) 4 il s gl e U85 G
A (6-3) S8 (Bl LS

Scissoring (el dSa. @

& oalall AS ja 4005 AS g Lagmamal Al G g ke je il QU 2oL g o )T Eua

(6-3) JS& A WS in the same plane O 3Y) s giua (ud
Wagging SN

6 sisa z A Al 5 alall s 3l A5 (Anha ) dauS il sas gl el G
(6-3) & A WS out of plane bending Ledadl 555 3,3 (e JSE ) 3YI

Twisting s - 2

LS out of plane O 3V (5 siase 7 DA o5 3adl (b (s e Aol Jll Joa il Al i e
(6-3) Jsi
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IN PLANE BENDING MOVEMENTS
é—'—P ‘—._, —
N %
0 0

SCISSORING ROCKING

OUT OF PLANE BENDING MOVEMENTS

fio) /\o/

TWISTING WAGGING

sUaNL ) aY) JKdl (6-3) Js&

Bending Vibrations

2aadl) calaa i o Lﬁi ¢ Badaa Ay AHAL]) LA sda 23 x5 Gl AN aaatal) Gl el jUa)
o8 Al A undalina g yeSl) daiN ;L“s)'_al\ Ui die 5, quantized dag ‘_,,_g)aj\ cliniY g
3 gay Ladie g ¢ 23 yill A uw 200 3 g il gall (381 63 g ¢ (al ata¥) Chasy A adl 03 2

B s dda ‘Ar_ Qi dailal) aaal) \d . BB L;‘ ;'«L“g‘)ﬂ\
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Modes of vibration )Y Jail)

Al Baarie il )

.o

g8 A5 3 S aia ge st (K @l ¢ I AN (e dae 2a g GIAN daaall o ) d

-

|

¥
é
}
!
:
A
b
.
5
3
E:
A
=
L
:
2

¢ ALl Bas oS A Jall YY) daat ol COBN Al (e 5 A s Slaj 3n A e nl)
el ecs a3 1388 5 Ui (58 Y L a5l ()08 i) (5 a0 ey 6 @llia
Sl sall ol Las ¢ Aplalina g g8l dx 31 Gaiiad Al 5 galall Q23N e g 5 -6 ha

bl e g 55 3n-5 Ll QU Ll g0 caa ) Jald () ) sae allali pdadl

¢ 3n-6 Or 3n-5 &) s s vndll Aadll fe LA e SHane Gl all o) sl il
(YIS Gl Sy s A gunall gl (e J8T LA 230 )5S, Uil

sl aed) aa y palaial) clhdad (e il daed) Al B
combination tones 4«S)_jidl e laV) |

over tones <lxandll -

difference tones AVl dlela) . ~
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1) Gl g paliatial) il cra JBY) a2l D B

g la iV (ol aialy el ol WY1 aae dad Ly Y e AL il ol -
i 5aa) 5 03 a0 555 Ui g Jiledll Al iy Jall Alls 3 Aipead) o il ey Jilai 38 -
Aaliall 5 3V g Cavay in LA (axy Alaisabo x

Aalidl SJ@A‘YLI lebiaud Craay Ja QLA ez Cara sadio 2

Jeriad) leadl Jianad Blai (e (o el Aleal) LA (fany - s

Rotational energy change ¢),gall 48 & &) il

dasd o) 5 gal) ddlh & Gl et JR & microwaves (ddal L;ﬁ &\:_.I:Y\ Ualaaial e Al g
Sy O\JJJ‘ By Dlpole moment «Uadi YY) ale & Jpxd G gaa die Y Sl sy Y
Ala 3 V) dallal) 40 ) sall OVESY) Jad Vg ¢ aptinne lhain) a3 o5 jall elliag o) a0y

¢lhac) e YA broaden C.Ldsﬁs Ll gall g i) gl A0y gall CHYEHY) pass Jay dus &l jlad)
'sharp daadionaS 33 Lo glad

fluorescence ! i)

- 5yl Balall o3gd Sy ¢ Ll 3o 3y U Lgilh laline 5 S g LaiY) Balall e Ladic
lli 33 50 die 43l gl ¢ B R wall Al ) Ja i A8l Adlide g8 i o - @l 2y
OS5 ¢ an e da se J sk g Banne A8la (il <l g g s JEYT AUl e ) Cilagisall
) g Y (e iy 5 A8 (e e oS adiall ALkl Gaiey lal) (s
) B sall laill Sy Allall o3 (g ¢ ss dall ) Eul (5 sie e S Ao Y A8 i gl
Gl g S Sy sl Aaiaall U i gall Adla i Ll il 6 68 (3Mals 5 sudlaa ) 580 (5 siuse
o ALY (3,40 AL Aala cld @l 63 68 3Ol ALl i ) e e s el AW ) 33 gl
¢) sty (o yry Lo 138 5 Sial duaiaall (3o J skl 4 50 Jsha s i 48Ua <l (s Jal el Cilid

fluorescence
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Vibrational energy levels 41 jia¥) ddual) & gicia

AS jall 23 ) Cpme 23 yiy st LeiS g 400 gdie B ) gumn a8 Y g sl (34 iaY) ey ¢
Alai dial) AilaasSl) Aday) 1) 3 68 g <l )3 A S (A 5 (vibrational frequency 4 kaY)
L) e A8la (g g1 e Jiad 4y ) Jia) AS a JS gla elld e g ¢ USa LS 4 ) Jia I AS jall 8
@ 3N-5 or 3N-6 s ligiwaleda s (8 Lcai U S5 o G WSy ¢ o ol

(sl e dplaall ye g dpladll Gy jall

Al I AV ) i) A8l (5 giue (e s ) Jaiy el Y 4 el e g
eV A ) Ay AUl b i

@) e A8l g i wa Bale a1 A8 jall 5 ) s da o e dalal) Lalls 8 Gl el
s da i) (Glai 8 48U ¢ s ) (g Ledic 5 ¢ 93 8 Ssiwe s v =0 il
san gl (o gy (o) YDl 5SI A 5 el ()5S sy (o313 Y) JUERY) Caand o) peall
) ol Y JEY) 1 e Blayy v=1 I v=0 oo s JEYI O ol Av = 1
i A S el aia¥) Cida 8 sl o3 JEnY) sle a5 fundamental vibration

o) paall
sslall 5550 A 41 Y Al cily gl

aalkhl) ng;ﬁm&ij\Jdﬁméng}(# BYPARA| %,Sﬁu‘ a9 yrall (sa
(oY el g il sine A0 e v=1 Js¥) ) Y

Ae oSl Jdege 3N-6 (& chall pe e iall 4 ) Hay) A8l Gl e e
OS5 elall A 4y ) e ddUall il gia

3N-6 = (3X3)-6 =3
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Symmetrical stretching vs OH (3652 cm™!) Jilaia (SlaSil 5 2043 ]

Asymmetrical stretching vas OH (3756 cm™)  Jilaia e (Sl g 2aai 2

Bending scissoring Loyl s 30 W sy A il I (525 e 4S s (S5 3 elindl 3
8s HOH (1596 cm™)

WY

Asymmetrical stretchmg

3756 cm-’ _ _ Sassormg
Symmetrical sretching 1596 cm-’

3652 cm™’

shall oo B Al Y Al cily giun 1(6-4) JS&
Dipole moment change (bl ajall 4 il

aall A Mumu\um)\ﬂ\éﬁg\@;\fﬂ\ u_mjdual_mu\umél
G sbitall (e SI Jlaall (S Jadh a5 Hhall 038 g ¢ 4, ) FIa W1 AS all AaiiS o jall kil
s o8 ey i e all Bl ANAS ;a8 ) s Gaasg s e Jadl ae el (f 4x s
OiSH A5 S RS e g gint (a1 3,0 0 Jildie 2 05Ss CO ssn e il
2 6S e Gl 451 Fa YN AS pall (8 Caang Lalie G ) Gy A8lesall e dind ¢ () 50 )SI1 8 )3 (0
e Jlaall e Jeliy o)) S 138 5 65 5l 4 Law oscillating electric field e
o8 Gy aild o g jall andall (o 51 58N 23 5l pa 8] gia A2 SV 20 55 OIS 13U A Y dagi sl
JuEnl &san 5f) el 4 ) i) Al & s 1 (g0 A 3Y) A8UL JUEn) sl o2a

() a)
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(Lo 5l CO , HCI ecsim ) Tkl Adnl Sl il o5l i 5f il (S
a0l Aaleal) (g0

p=ql

bl a5l (8 aal) () oy s (D) YY) Adail N Jsha (8 (5 5ll sl (b s e
(ol o 5all 8 il At CdaNie o peS b Lay dlldy g 45508 ) e

Luu‘ﬁdlmj@hﬁe)s‘;cdjm‘i@bcun})w\ ;gﬁw‘fkﬂ\)m;d)ﬂ\‘_gu\
il it Y Al 35 s s S e

:
-
-
-
%
:
-
%eﬂ\@ﬂ\euukggﬁ\@mj\ﬂ\ﬂut&)ﬂ\ &Y i) A8 Cad g
q&cw‘-—w\i‘u—&-dﬂﬂu—.\kﬁ‘ el (Al OY ) ks 451 a1 AS jad) edg Jasi yall (il
q 1omS 0585 palaial) (8 4y ) a1 AS ) 8 dlad Sal) 43iLesl) de ganall odadl) o jal) daid
qMJ\J&Y\ASJAJ\MB@MUAMY\u)&mﬂm.ks!\uhﬁ\utc)@\db@
- g il 52 ey
-
-
-
-
-
-
-
-
-
-

A JEL I T ¢ esal) Al anad Lal ¢ 31 5 Y) S all Gand el el Ciaay Y o
2 Ao e Gl jall any @llia g ¢ ohadll oo jall dnlad & it Gigaas aae ) gon
iy i galuaial () (535 Lae g ) Akl 3 e iy Ao aias (555 Gy 5ol

oabaial) ok o jpa
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b s 560 COy oSl sl 36 (s n () lailly jal slall oda any a5 (S

A el S pa ol el gd helld e s O=C=0 A& le
Agbaall iy all 4 ) V) S jall sae ¢ l8 b () il

3IN-5= 3x3-5=4
b Lad daa Y1 IS jall el (ki (Sayy
Symmetrical stretching vs CO (1340 cm™) Jilaia aadi 1
G da Y il b (el aial Al iany W @llal g ¢ pg jaldl dalal b sl ) som Y s g
ohill 5 ,a048 5b a5 1340 cm™! Raman spectra glely Ciuda 8 3l &y 43S ¢l sl
A i 35k e e all 840 Yl @ls jall )
Asymmetrical stretching vas CO (2350 ecm™) Jilaia & 2043 2

Al Cany g Al Jie A8y ylag 5 AY) Aoyl I (ELSE) Chang Laiy ¢ Jadl g 5l aaY aaai 4gd sy

ol peall i daiY) il 8 2350 cm! e jaliaidl
dpala 48y oy Jay) g 1) Ll g3 B il 4 & 3
8s CO, (666 cm™) Bending scissoring 8; CO, (666 cm™)

oabiaial L duany il g ¢ og 3l (A Andi yall Jilaill A ol Ao opililaie (S s Chasg Ui g

666 cm™ i 2l
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iluaal)
IR spectrometer
Lﬁ function groups Al =all @.«L;n]\ A PR | L?ﬁ el yaall Caad GV sludaa 2y
Al € e JS Y 1 e ¢ Aaliad) Gl ) e o el aila il gy oK WS ¢ Aileasl) sl

2 shall pe A plaall GLS ) G Sl 40 3K ¢ finger print 4 —ald daay
(mubaliaall (g5 il il Slea ae ) VL Adliaal) JSIY) aualaa g

:3

Lo 058 Al Al ) Colas gl) (i (e (6-50S3) - o) jandl Coni A YY) Gildae ()5S
Cilas gll (s (S 5 & DAY mmy llia (g ¢ A il (5585 A3 pall A YY) Calhas
Lt Al o) penll a4 A8l e ae DU

¢) yaall cant dailY) Caldas 1(6-5) IS
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Source of IR radiation $)eaal) cal 4adY) jaas

A5 42332000 — 1500 a3 A Asleall ol pall anal o 5eSd) ol (g TR Anidl i

lgie 23l 028 LY a0 jolias el
Nernest glower 4aa giall Cuui i daal |1

1 Mg oy alyy Cuniad J5 e Aol 55500 dpuin V1 puabind) (mng 20Ty 5S8
zirconium oxide asssS 0 M uSTandt wsile s ¢ w20 Ao osSadsh bl ¢ a2
e Ll 5 yas zewd platinum lead palaall (iS4 5k aal e canadll Jualy g
Crind Liane oy adl 48 jall ) m da o e s s (S5 (20eS1 L) e Y ki
die 5 (11500 °C) (2 68V DLl s s rassi ) ja da 3 () (aJla sauae Aol s il
(6-6) JSi o8 LS a3 2\ a3 5 A lial) dim 5 ) sl 5 ) 5 L g 5

.

7100 — 1000 cm™ saall & Waka daa giall Cus yi daaloda Cuiig

¢ a0 50 Al adsh iy silicon carbide OsSelaall an S (e apial (e Hladll 138 S
S (6-6) UL 3 LS e 0.4 ) 5m il o,k L

uuwu.\bska_\] 1200 °C uJa@;u)éu)w\uﬁumuMﬁj
5000 — 600 cm™!
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Incandescent wire & siall dludl3

(6-6) JSs
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Mid IR Ao siall o) yeal) st da i) dihaia 3 jaise
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o328 223155 High pressure mercury arc lamp kil Adle 4w gdl) 32030 dual g
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Monochromators <la sall J) shi cilaa ga

a A0 Adball A sall J)shaY) Juad 3 Grating s sl sl 5 3aY) alaes aading
Al e L )5 e a6l sl
@C_ﬁ,ﬁjiJ)_&)Aeqs:_ma‘ﬂng;MJEM\M‘X\MEMJJM\Q%QAJ
sl Gl (A 5 Sl

GLISH e dxiY) s $5a3 Y Jia Gl sall 2a p0 J8 ()5S Al a8 f L Jaal
) ol s sall an ge amy Lil) a5 UV-VIS Spectrometer 5 ¢l il 8 Laiy
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q caa dasiY) S shata LS\ IR transparent A8lad Ala gall as e il K aex Oy oS3 Cj Qg
- PRI
% (u.aLm)l\ e LS}-‘A-A‘ ) Flint glass Lﬁd\.ﬂ\ Cailal) C\A‘)M 3ale (e de sliaa yrdl ga PRENIN
q near IR 4 il ¢l yeall cind Axs1 (Gt & ~laiy ) gacall zla 1) addig
% Sample cell <linl) auagdang
q O Aiall a5l deaaiall LAY IS5 Qalidg g c 4y le ol a5 Al il aladil (Say
q Aomasdill (3585 A5 yall AadY) Cilas 8 Laddivedl) Gl

488y LA andi i ellal g o pira Al dlas ()5S0 () cang 6 pendl Cad 32 ) Cillae S
Al JA A3 g el M0 Led dinaa )5S L Llle

Jsaa) ool dilaie 8 o) pendl Cond A i) aiad Y a2 5l g aiia il salall s
381 5ill o3 delia A alkali halides &stall ealiall lalla axiiud sale 5 (6-1
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IR ) galaial 3 3¢l & dasiicial) LYAL 1) g dolica b deddiiceall 3 gall 1(6-1) o>

LD 3815 Lgha i 80l | sy et 1 22SU i J ol
Labaial

NaCl 40,000 - 625 cm’!
KBr 40,000 - 400 cm’!
AgCl 25,000 - 435 cm’!
Cesium bromide 10,000 - 270 cm’!
Cesium iodide 10,000 - 200 cm!
Germanium 20,000 - 600 cm’!
Polyethylene 625-33 cm’!

Slo sy maisleade w8 juad Gigas I (a2 4 sha il o gall oda (g i o a3l
o3 e el Jia ale ) Aall oda (& (5 )5 pmall (3o O 5So 5 AxiY) (S L sall Sl 5eY)
il 4 gl T (o il slall (& sy JEall Juas e o g3 gaall 305518 (Y ) all

el a5 il sl 4 JSE s

G DAY s 5 a0 el 5 Il ol Al Leaa (S Y )5 Ailall il Al Ll
bl il W 4l s dadl) 4y ) 5IS e Ao a3 gl aadid o) oS lally il )
Lol Canas ¢ (gL Ledghas oLl G3oall ol elall e Addas TR LA Lo Jaliall cany ellhy
At o LY laly Jusas Y 5 Jad 4y gucand) Colydall Ao 5
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Calidy g o) sell (ha Lgha i o Aald 1R JA1 4 jlal) Liall a5 14 JRd) cilind) Jagad

a5 G (Alad) 8 ClulSaaV) aaed Ao 50) el sae ) Q) jiagiin dauiay e 41a) U5k
2518 e de giae 0S5 W) 5 Lal o 10 Ledsh Sl 2l (e Ao shme 4 shaud LA
sl sl da g 5 ol p sanallSl) ) 5la gl 03 guaall

long path S s el I3 Ada alasiul (K Sl (e dliall el 3€ 5l Al é L
8yl Al aladinly elld g ¢ Liayd Al 8 ClulSadY) sasd Al g3 as 40 A oy 8 cell
aall A S gazall ) eV (e 2 35 Ay ylay Adal ) e 5Y) (uSa3 A uSle U jesae o (g gia
A stk

s Alilad) clisd) jagal

- -
e

OsSS A b3 A 0.01 mm s dlew neat Gl S el Aiall (1o 38 ) sLie pia gy

1-10 mg 253 S Glial)

M5 3l ¢ psndlSU 518 5T ¢ a0 gl 3y 518 =Sl (g e S8 g B sl sy
oo 0.1- 1 mm b & Bl e 0.005 - 0.1 mm Aawd 53 gl 81 (i s a5l 5l

Jslaall
@ Gle esind Y D Hlae Ala aaa s (Gl () 50) AEll AL o all ot Alla 8 45 LaaDly
Al 4030 anat el Cadall (e 45 laall A8 8 a i g Jilladll Alls 8 Ll ¢ B0l
salall ae Jeliy Wiy ¢ bl dihaia b aliaial & 90 AxdY) 5 yas ean O Cudall 8 o)

Aois s Jail 5 Lera (5550 5 ¢ LAl

i xa yltra micro cavity cells (s 4383 LA 203505 1aa 3 paaa Al ¢ 5S5 Ladie

beam condenser g il
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ial sl e il 3 Bl ¢ (58 8 Gt L L] TR e i sl o pall Al
‘SHAS 2UALJJJ}{';L\50‘))MGSM‘W ¢« mulls cs‘““dﬁ)(‘jﬁLS—“&“"J-’?—"

SE30S 5008 Gy e dalil) Gy Leall il o5 anil )0 S (e (g8 (4 Aall (e 6l
<y Jie mulling 0il o3l 138 e s dadi ye adlile 34 0L uals petroleum oil
& Ja il ge iy sa g fluorolube e sl ¢ pladin) (S S ¢ Nuyjol  Js> sl

Ll alea 4l

JAINE Gasy Ladie a0d g oIS, sl e (5 g3y 9 completely halogenated polymer
bl 2 hydrocarbon bands pabaisl 8

dslia & el ol lagd Gl lagils Nujol w5 Fluorolube eds: (e JS ach Le gac
Glalae elnu‘use.ugﬂ\ a9 4000 — 250 cm’! L;A.d\@@\‘da.uj.mj\ g\)&j\a_\mm\ﬁ\
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Laboratory hydrolyic press product
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Metal blocks
KBr Die sets for KBr Discs

L Jagad g Cliad) Al g Baa g :(6-7) JSa
136

IR gas sampling supplies cells
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Detector Axd¥) d8a (uld 3aa g

g 58 A8l Gamlaasy ki | A ala Ll el ) ¢ e jeall Cni A Y A8l 0 2 Uia,
OSar Y Lia s ¢ Aed¥) lli L350 g sall aliaall (e daiiall 4l 4SS (mlidsl s ¢ AxdY)o2a
oAl Gl LGS aaat i Laiy a5V 028 ABla uld 8 41 s all LA alast

gl L8 & Thermal detectors

e iy )3 3 ) jall A ) i i (g ) yadl el CLAS dda) 5 22 EY) o28 alualial dic
dagi palaia¥) e il de i) A8la & (aladaV) s (Sa el e g i) A8

.:‘-.’:‘*M <5J° L“Ji)‘“

USA.\@;\ha)ﬁu@)\);&u&\dgg)\)ﬂ\w\:\ﬂ\uuﬁgqjﬂ\adw\ ujs.au\k_\;.aj
)l Gl sas 5 (35S () gy LS ¢ Aadaiall 41 Al 33 jpall Ol il (e CaiS))
Ll

Thermocouple detector 4l adl da g9 jall LS -1

cpilina Cpiana Jload) Adadh fp dea (58 (16 o addiayg ¢« Waladt ) iKY e (L ESI 1aa
bl e diame dag b (e (SE Y AL a gl ¢ Lagin b)) all Ax o OMRY Aagi
dadi ye Ayl all dias yuaic (e sS AG Ala ol Ll o) peadl chnd A 3Y) Jains iUl
Ao (adll) J W Aagll 85 ) jallda o el )l Qi elld o5 ¢ Aai¥) sl (e A g jrag
OSa dgadl (& Gl 1aa 5 AN AL a1l Gy Lebn e (38 (nsSE ) (g2 A Y Lellst Y
el 1S agall (38 i S5y 45 6l ¢ electric circuit Amali Ay S 3 il Aol g0

(6-8 J8d) s lallda o A
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Exit A
Gases
4 £
“\
/ 1] ™ Flame
Thermocouples
Hydrogen r
—

Mobile phase
from column

:\:’J‘)ﬂ\ da 53 hall (aliS (6-8) JSs

Thermocouple detector

Bolometer detector 4sladN) i) al 48ual Gilis -

& S i gan Sl semiconductor Al se 4ndisala sl ane (e LSS 138 S iy
ol e oy il gl o3 ,) palldaja 8 el XS electric resistance A el da slidl)
(6_9) dSu a)\);j\ 4;).3 @ J;udﬂ aJjx< :\A}\AAJ\ L;S

Golay cell detector ¥s> A Cilis 3

Al da i die 5 ¢ Jlube slea la e Bl sa 5 5l a e e ge i yimy LSS 13a
uﬂbucclgjwy\a& UALAL\@JM\EJ\P%JJ@SJS@YPMBGAQ &\JAAM&L\A:\
SN daann 8 i Y1 s o A3 ol ¢ B peS il G Al a3 (S 53 il i gl
(10-6 ds&) )l adlda a4 sl dllaS
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Far IR
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Local Environmentr

Bolometer

Incident radiations
WW—

Bolometer 4slady) 4y ) al) Al (ulida ; (6-9) JSi

Golay Cell Y5> 4a :(6-10) Js&
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Recorder J:a«dll 8aa g
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4o jad) 9930 51 paald) ciall A i) Ciliaa

Double beam IR spectrometer

Double beam el sl e all da 50 30 Laddi el o) jeall cand da SV Calidas 5 jgal alane
Ban 55 o sall Jaaaall Gl ae 5 ol peall Canida SV A8k (mliasl oY spectrometers
el il (63 ety Jomy Al Aisauiall s 501 L 3Y) 0S5 5 4 n g (ool
810 Aol g2 Oy slntie Gl o ) saaall A Sl Qi g g ¢ 5 ea Y] 0de Ly
r—adl da 8l ma )l Cus light interrupter s s—all #bld s rotating mirror 4S e
Al 5 reference cell €S 5l duma yall Ll 5 sample cell Al 4da G gLl

(6-12) S (b e ge 9o LS At Jilatban g ) il el gl g

Reference

£

a

%

a

%

a

q ST S
% IR source C‘g E
a

a

a

a

a

a

a

a

a

a

a

a

o | ) Monochromator
2z |

. -’

IR
detector

Sample
compartment

IR Cilha A & gaall gladd) jlua 1(6-12) JS4
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Ay 98 Jonay 39 3al) o) paall caat da il Cildaa

Fourier Transform Infrared (FT-IR) Spectrometry

:& Lasd Regular IR ggdbd\ el yanll Cany daiy

LASER Monochromatic source o5& FT-IR bl A4l jyas o

o ey e s monochromator <lasall a9 Je FT-IR «biae sasa Y o
sl ddass siall o) yeall Cnd 4iY) s g J)shal JS e (s ging Lalull ¢ Ll

5000 - 400 cm! e

Jalaill 3 3¢l ae 4ned Je— S Analog to digital converter Jsaa: a5« el o
GC- FTIR or HPLC-FTIR &l sile s S

A g aaall 3 e all Gliall Jilaty 2 8 45U FT-IR spectrometer Slex i< @
el Sleal) e B3l 58

very high resolution las ddle judida )y Jazy o
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¢ (6-14) I35 A a0 8 WS Beam splitter ddaul g (e ja A Jadlad) g la il 4ty
Lol Ll ¢ 4l sl yall N assis fixed wavelength <l da ge Jsha Ld (Y1 4 3all
A< jaidl 8l jall N 4s 535 variable wavelength e A g0 J sk Led A0l

.movable mirror

Fixed
mirror
Moving Jl-tfiferometer
mirror
./
N A -
Beam I White cell R-Detector
e splitter ’
'}
/- |:|\ 1 Spectrum
N
IR-source Laser
f TN
O 0
ﬁ \} Computer
Gas out
Gasin
m Detector
[C[] sample
] Movable
mirror
IR-Source
B—%
Beam
splitter
Fixed mirror

FT-IR il (8 i) jlua :(6-14) JS&
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Raman Spectrometer oy ibha

Raman &Y it Gioh e ssiall 84050 5y S all I plill (o Al 48yl s
A )2 iy FTIR s Regular TR 2 dall sa LS da 5V Galaial il 5 scattering
(615 JS3) il alail) a4l sl IS5 4y 51 3 Y1 <l il

J)'..)ﬂ\ da il (< monochromatic hght A ga L”;m}_;a tLu Olal ) L_Ql:\LA @ ed';ﬁ_u.u
A A Al (358 A1 5l Ay 8l ¢ jead) a2 2 jall ¢ il JA e LASER

(6 AY 5l Akt o il gl a5l g lak Jala g ¢
(2 3Ll Bl (e o guall apan .”éei))':\muithﬁ@d\ﬁju\éou\)qghgj

Dol I e Ay 58l A sl JI sl i G il gl 2 g ) s 5 a8 Cilsae Aad 53 33l
LIS JMA g jia oy A sl sk 8L Ll

holographic diffraction gratings < sall 2 ge addion el ) Colihae 3

PMTs i goal) dll) GLES aadiion LS

|
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£ jaall it A kel Jolail) cilipks

e Gl (8 deadial) Al GOk e TR — Al Galaaial gkl Jdaill s,
Gt Al bl g ca SSH dadadt ) (e LS ¢ Al Lealla b il el S
By Gl ja (sS85 Lede Wl dagis il jall
oA Gkl ol sls S pall 81 il 8 TR —) aladi ol (S 4l (5 AT Aali (e
oalaial) Cada jiiag g ¢ (oSN el 8 Jcadl el (UV, VIS ddhaie 8 palaicY))
IS e g sl S S8 jrae davay TR AxdY

s V5 At e pane 5 Ay 1 5 ke (55 ) 5 Y) S ) ines o a3l
a_al.c}.o;.d\ PRV ua\.;a.m\ @Ayuugﬂbé&j ¢ 4;(_“5‘);}\ LSJJQLGM\ JRYY uujsmc\jij\

DAL S e e i Y

rstle AY S ja (e Lpnaliaial iV Sl aelaall Aial (e g

:

-

-

-

%

%

-

% C=0 JdisnAldc s
q SH  Joualalid) de gana
q -NH A4c gans
- COH U 5 el de gene
q -CH; il de gena
% -CH3 Jiwll de sena
-

-

-

-

-

-

-

-

Al el e (el 3 € da o sada el Leild Cile ganall sl (aliatial GOl )yl g
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High frequency portion 20 dlle (aluaial ddhaia 1Y)

2=l s xia g function groups alaall @A\A.Aﬂ Ual—alia) Lead Chasy ‘_;J\ PRI SR
.3600 - 1300 cm™! (e dakaiall 038 & o sall

Low frequency portion 23l diaidia jaluais) dihia ;S0

Ui viays aromatic  4ibes ¥ e genall (5 8 Gal—aial Led Ciaay il dakiall 4
909 -650 cm™! (e Adkaiall 02a (& & sall 2221l

th 9 (dhbia day i A1 ) e ST Lapudil Jas (S g
3600 - 2700 cm™! ddkidl oYl

dAA)uSL;JJquL_i\JL;);\a‘)Jju.\;jJA_\@\a)Au.uh\j‘)ﬂJmuﬁj\w\‘s&j
OH NH CHjn.i\j‘)j\Jmubw\o_\&dlﬂjuyﬂ\}\u.\;j‘).u”}\u.\h.\us\ﬁ\

C=C , C=N AUl Lyl sach Lalall dibiall a
1850 - 1555 cm™! Adkaial) ;G
C=N, C=0, C=C 4 )l Lyl el Lalall dshiall a

1500 - 700 cm™! ddkiall slay

Lyl g5l 8 e lani¥Wly 5 AV dail 5l 2o Led Giaays fingerprint de—ad) Adhia 4
A 5 ¢S 3 s Aol At Sl A alal) il i) e Ahid) o3 (g siad

058 sl sl el e s C-C, C-0, C-Cl Jie cunsomed) O3 e s ,AY)

Mé\&ﬁy;&ﬂ\uﬁyém)md\u\aw\a&L;)cc,LgJ;ﬂL;.u\_u‘}(\dS.\@J\
Aaad) Adlaia Adhaiall oda cand SN 5 Clabaia¥) pal o g 220 A mal
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-
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-
%
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-
- 2700 - 1850 cm™ 4dkia) 1Ll
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Absorption of Bioorganic molecules
s Az dall Cile ganall (o ST 5l de gann o (5 5ind A gadl @il all alaee O Cagyrall (e
e) yaal) ot A SV Galaial o 3l L il g 4kl Alladll aaalaall 5 4y ylaall cilalal)

A gyl ae ) gl 5 diaally Linal) palea¥) Jie dadY) s

e Gyl A Wl WY Gk e el pealdl i A SV Galaaiel ikl Julaill e
S @l pall e o SN 8 dalaat ) (Sa LS ¢ (623 Jsan) Dsall s Ay s aaall S
B Gl e (S s Lede Ll dacis Gy jadl Gaas

ro) yaadl i et Aladll palanall (any (aliaial gzl 50 :(6-2) Jsaa

Compound Group IR Absorption
Vmax cm’™
Alkene 1690 — 1600
C=C Alkyne 3300
C=0 Ketone 1700 — 1750
-COH Aldehyde 1700 — 1750
-COOH Carboxyl 3520
-NH; Amido 3400 — 3180
-NO, Nitro 1850 — 1555
-C= Nitrile 2250 — 2225
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-S=0 Sulfoxide 2600 — 2550
0=S=0 Sulfone 2600 — 2550
R-OH Alcohol -OH 3650 — 3584
Ar-OH Phenol -OH 3650 — 3584
Phenyl Aromatic structure 909 — 650

rABNA i g ol a4 glasdl) poalaal) and (abaia¥) sk 1(6-3) Jse

Spectral Region (em™)  Vibrational

Classification

Group & Environment

Absorption Band (cm™)

3704 - 3333 O-H stretching

Alcohols & Phenols

a) Free O-H

b) Intermolecularly hydrogen

bonded OH (changes on

dilution)

(1) Single bridge compounds

(2) Polymeric association

3650 - 3590

3550 - 3450

3400 — 3200

rrrrerrprrrrerprrrrerperrrrrrrrrerrrrrrrrrprrrrrrrrrrrrrrrrrrrern

rrrrrrrrrererrrrrrrrrrrrrr bbb rrrr b regl

L]



|
=
-
|
-
-
=
=
=
=
=
=
=
=
=
=
=
=
=
=

3333 - 2857 N-H stretching ~ Amines
a) Primary , free ~ 3500
b) Secondary, free 3500 -3310
C - H streching  Alkyne (CH=CH) ~ 3300
Alkene ( CH, =CHy) 3095 -3010
Alkane (-CHs , -CH» ) 2962 —2853
3333 - 2857 N - H stretching Amine salts 3130 -3030
2857 - 2500 C - H streching  Aldehydes 2900 - 2820
2775 -2700
O - H streching Carboxylic acids bonded. 2700 — 2500
S - H streching  Sulfur compounds 2600 — 2550
2500 - 2222 C=C streching Alkyne-disubstituted 2260 —2190
C=N streching Isocyanates 2275 -2215
2222 - 2000 C=N streching Isocyanides 2220 -2070
2222 -2000 N=C=N- Diimides 2155-2130
stretch
2000 - 1818 C=0 streching  Anhydrides:
a) saturated 5-membered ring 1870 - 1820
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[
1800 - 1750 I
[
b) a,, B-Unsaturated 5 mem.ring 1850 - 1800 I
1830 - 1780 I
]
c) saturated acyclic 1850 - 1800 I_}
1790 - 1740 ﬁ
r
d) o, B-Unsat. & aryl, acylic 1830 - 1780 I
[
1770 — 1720 H
I
[
[
1818 - 1667 C=0 stretching  Acyl halides: ~ 1810 |
[
a) acyl bromides ~ 1795 Iq
[
b) acyl chlorides ~ 1850 I
r
C) acyl fluorides 1780 - 1750 Iq
d) a, B-Unsaturated and aryl 1750 — 1720 I
r
C=0 stretching Esters: Iq
a) Saturated, cyclic: Iq
r
(1): B - lactones ~ 1820 I
(2): v - lactones 1780 - 1760 Iq
r
(3): 0 - lactones 1750 - 1735 [
[
b) Saturated, acylic 1750 - 1735 Iq
[
¢) Unsaturated: I
r
(1): vinyl ester type 1800 - 1770 I
(2):0,B-unsaturated & aryl 1730 - 1717 Iq
r
d) Carbonates 1780 — 1740 [
[
r
[
r
[
151 [
__________________________________________ [
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Cyclohxane and cyclohexen
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