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2.5. Thu nhan tin hiéu Raman ( Detection )

Vi tin hiéu phd Raman von yéu, nén céc van dé lién quan dén viéc thu
nhan va khuyéch dai tin hiéu la quan trong. Hau hét cac cong viéc nay som
duoc thwe hién véi viéc chup anh thu nhan bang cach st dung thoi gian tiép
xUc 1au. Hon nira, thoi gian dé phat trién cac tam anh va kiém tra ching
bang mot vi quang ké biéu dién quang phé Raman khong thich hop nhu la
mot k¥ thuat tién ich. Tinh trang nay da thay doi dang ké tlr khi phét trién
ngudn laser manh va ky thuat cdm bién nhay. Mot so k¥ thuat thu nhan pho
bién dwoc mo ta sau.

2.5.1 Bém photon ( Photon counting )

Nhitng ph6 ké véi nhitng may don sic va nhitng dau do don, tan xa
Raman trén nhitng mat phéng tiéu diém va thoét ra tir nhitng khe ctia may
don sic thi dwoc thu thap va tap trung trong 6ng nhan quang (PM) dé
chuyén doi photon sang thanh tin hiéu dién. PM bao gdbm mot cat6t quang
dién phéat ra céc electron khi cac photon dap vao n6,mét ddy céc dynode,
moi dynode s& phét ra hai e khi c6 mot e dap 1én nd. Mot anode thu nhan
nhitng e nhu 1a tin hiéu ra

Pién cyc héi ty

/

Anh sdng
tdi =

e

MRS
,ADJ_ U K

C:l’a s Photocathode
vdo Cdc dynode Anode Chén a&

Hinh 2-9: Ong nhan quang (photomultipher -PM)

- Vat liéu lam photocathode : Ag-O-Cs (300 nm-1200 nm); Sh-Cs (UV - kha
ki€n) Sb-Rb-Cs, Sh-K-Cs (UV - kha ki€n); Na-K-Sh, Na-K-Sh-Cs, GaAs
(UV - 930 nm); InGaAs (900 nm - 1000 nm); Cs-Te (<320 nm) , Cs-l (>
320 nm)

Nhirng photon dap vao catot tai thé am cuc dai,con & nhirng day
dynode cong thi dién thé thap hon va gidm dan. Mot photon dap vao catot
lam bat ra 1 e, e ndy bi hat béi dynode dau tién c6 thé thdp hon nén dap vao
day sé lam bat ra nhiéu e hon va ctv nhu vay & cac dynode tiép theo. Hiéu
suat lvong tlr cla e so cap phét ra tir catot thi phu thudc vao bwéc séng.
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Hiéu suat lvgng tr va do nhay cla catot quang dién cla loai 6ng nhan
quang lamdt ham cuia bwéc song thi dwoc duoc biéu dieén trong hinh 2-11.

Incoming Photomultiplier Tube

Phnmn\ Window
cl:;thl':-:';g-e / ﬁ Dynodes [| 1 Anode ‘F
R | | .

Focusing
Electrode

: ] . [] []
Vaoltage Dropping
Resistors

Output
Figure 1 n | Meter
Power Supply

Hinh 2-10: Ong nhan quang (photomultipher -PM)

- D€ d0 nhay tot can bao dudng tot 6ng PM va céc thanh phan clia né.

- Nhirng tiéng 6n nén hay nhiéu nén la yéu td chinh han ché hoat dong ciia
6ng PM. Nhiéu nén hay dong téi ( dark current ) dwoc tao ra chl yéu do “
s phét xa gid ” (phét xa tap nhiéu ) cla cac dién ti tir photocathode va
nhitng dynode do s ro ri dién doc theo 6ng nhan quang tir nhitng chan dé
vaday dién trd. Nhitng phét xa tap nhiéu cé thé dugc giam bét (phan 16n 1a
nhiét) néu 6ng dugc lam mét bang binh 1am mét qua hiéu ¢ng Peltier dé tin
hiéu Raman yéu c6 thé duoc do mot cach dé dang. B&i vi [am mét nén sy
ngung tu clia nwdc trong hé thiu kinh & phia treéc ciia 6ng PM va trong dé
cO thé trd thanh mot van dé. Hé théng thu nhan can dwoc théo roi dinh ky
va sy kho tir si néng 1én do giam &p.

Nhitng xung e (Tin hiéu Raman) dwoc xir Iy bang khuyéch dai DC
hoc bang mot phuong phap dém photon. Trwdc day, cac xung dién tir tir
cac 6ng PM lay trung binh theo thoi gian, va két qua dong dc khuéch dai
truc ti€p va do bang mdt ampe ké cho dong nhé (picoammeter) hodc dién ké
(electrometer). Tuy nhién, phwong phap nay khéng con dwgc st dung bdi vi
phuong phap dém photon cho dd nhay t6t hon nhiéu.
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Hinh 2-11 Buong cong dap (rng clia mot PM Hamamatsu R928

Trong phuong phap dém photon, cac xung e gdy ra bdi moi photon
dap vao photocathode duoc do. Dém Photon c6 wu diém trong dé mot phan
dang ké cla tin hiéu mo la céac dién t riéng biét tir nhirng xung photon, cho
phép do nhay gi¢i han clia cAc may do s& dugc tang 1én, dac trvng bdi mot
hé s6 10 trén hé dc. Nhi*rng hé thdng nay cé mot nhuoc diém trong dé tin
hiéu cwc dai bi gi¢i han & mot ty Ié s6 photon dém va cac phonon khong
trung nhau. Trong thyc t€, sy “x€p chong xung " gi¢i han la khodng 150 x
106 photon s™ twong (rng véi khoang 800 nanoamp. Vi vay, hé thdng nay
dwoc ap dung cho tat ca, nhing manh nhat laphd Raman.

Da&i v6i dang dém photon, giai phép t8i wu cé thé dwoc duy tri bang
céch tich phan toa do thdi gian vai may don sic quét theo ti 1 hodc khoang.
DPa&i v6i mbi méy Raman, bao dudng t6t nhit 6ng PM cao thé va bd phan
biét c&c mirc xung dvatrén serial number (S/ N) phai dwgc thic hién.
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2.5.2. Thu nhan bang mang diode quang (Photodiode Array Detection)
Trong do luong Raman théng thwong, viéc thu nhan cac tin hiéu
Raman duoc thuc hién cho moi tan s8, va phé Raman cé duoc théng qua
chtrc nang quét toan bo dai tan s6. K thuat don kénh nay tén thoi gian, va
né khong thich hop khi cac hop chét l1a khéng 6n dinh hodc khong bén.
Pong thoi viéc thu nhan tin hiéu Raman trong toan bd dai tan sd co thé
duoc thuc hién bang céach st dung dau do da kénh. Dau do photon da kénh
bao gdm mdt mang cac linh kién cdm quang (nhay sang) kich thuéc rat nhd
c6 thé chuyén doi mot hinh anh quang hoc thanh mot md hinh dién co thé
doc nhu phd Raman. Thong thwong, cac mang do kiéu nay khong dd nhay
dé phét hién tin hiéu Raman.
- Tinhiéuquang  Photodiode array ~ Tin hiéu dién B x ly  Phd
Raman
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Hinh 2-12 : M&t mang diode quang
- Photodiode silic c6 ving pho dap (rng rong nén thuong duoc s dung
trong thuc t€, dung véi céc loai laser : Ar, HeNe, AlGaAs, Nd:YAG
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2.5.3 Bau do dién tich lién két CCD (Char ge-coupled device

detection)
Trong nhitng nam gan day, nhirng linh kién ghép dién tich (CCDs) da

dwoc sir dung ngay cang nhiéu trong quang pho Raman. Mot CCD la mot
dé ban dan silic dwoc sip xép mdt mang céc linh kién cdm quang, moi mot
linh kién tao ra cac e quang dién va lwu tri ching nhw [a mét may nap nho.
Mot vi du vé mot mang kich thwée 512x512 dugc hién thi trong Hinh. 2-12.
Nhirng dién tich lwu trit trén moi diém anh riéng nhu la mot dic trung cla
sO cac photon dap Ién diém anh do.

Khué&ch daingd ra
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Hinh. 2-12. So d6 cla mdt CCD 512x512
C4u tao : Bau do dién tich lién két ( CCD ) gbm céc pixel ¢6 kha nang tao
ra va luu tri¥ dién tich khi hap thu photon anh sang. CCD gém nhiéu mang 2
chigu chiva hon 106 pixel (silic diode ), moi pixel c6 kich thuéc 6 pum — 30
pm.

Tinh nang : CCD dung dé tao hinh anh, lvu tri thong tin, di chuyén dién
tich... Chuyén tin hiéu ngd vao ( dién, quang ) thanh tin hiéu dién ngo ra
Tin hiéu dién dugc x& ly, dién tich sé& duwoc khuéch dai va dwa qua thiét bi
chuyén né thanh dién thé sau cting cho théng tin dwéi dang hinh anh...

- CCD duwoc sir dung trong camera k¥ thuat s6, may quét quang hoc, kinh
vién vong, hoac thiét bi nhin trong t6i.

- CCD c¢6 kha nang ghi nhan 70% anh sang t¢i, trong khi cac phim théng
thuo'ng chi 1a 2%.
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Hinh 2-14 Mét CCD théng thuwong
Co2loai:

- BCCD ( Kénh ngam CCD - Buried channel CCD ) : e dugc lwu tri® vadi
chuyén doc theo céc kénh & bé mat ban dan.

- SCCD ( Kénh bé mat CCD - Surface channel CCD ) : e dwoc lwu trir va
di chuyén theo céc kénh ngam bén trong khéi ban dan.

3 L
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A CCD pleture elemernt

- Nguyén tac hoat dong : e dugc truyén trén mét phan céach giira ban dan va
|&p cach dién. Xé&c suét bi giam tai cac bay trén bé mit cao. Hiéu suit lugng
tlr gidm. B0 nhay, d6 chinh xac gidm.
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Uu diém : Tiéng 0n nén thdp, d6 nhay cao, hoat dong trong ving pho
rong ( 120 — 1000 nm ) - dung véi cac ngudn laser can hong ngoai dé do
phé Raman clia cac hop chat huynh quang.

2.5.4. Nhirng thiét bi thu nhan khac (Other Detection Devices)

Trong pho FT-Raman, vach laser IR nhu vach 1.064nm clialaser Nd:
YAG duoc sl dung dé kich thich. D& phat hién birc xa hong ngoai, nhiéu
dau do véi dd nhay can thiét duvoc dung. Hau hét cac thiét bi FT-Raman st
dung dau do indi-gali-arsenide (InGaAs). B6i véi mot dau do kich thuéc
1mm, cbng sudt tap am twong duong (NEP) la 10™ hodc it hon khi dau do
dwoc 1am mét. Tuy nhién, tén hao dau do nay tir cat giam budc song dai
gi6i han tai 77 K. Nhu vay phé c6 duoc chi 1én dén 3.000 cm™. N6 c6 mot
wu diém la dong t6i bi bd qua. Diéu nay cho phép ghép truc ti€p dc dén
khuéch dai bac mot va cho phép cad dong dc va ac két hgp anh giao thoa
duwoc hién thi.

Mot sb thiét bi do khac sir dung trong ving hong ngoai gan. PBS, Ge,
InGaAs, InSh, va PtSi duoc lam lanh duoc nghién clru nhu la cdm bién dé
st dung trong FT-Raman. Hién nay thiét bi trong cdng nghiép str dung mot
cam bién InGaAs.

Cam bién Gecmani tinh khiét cao ¢ thé duoc s dung trong ving
quang phé Raman. NEP ciia dau do ndy xap xi 10™°. Hé cam bién nay c6
thé hoat dong t&i 3.500 cm™. That khéng may, né nhay véi blrc xa vi tru,
va bdo dudng phai duoc thwe hién dé loc céc birc xa. Mot dau do InSb cling
da dugc thtr nghiém. Bau do InSh dap ng phan t & budc song S5um véi
NEP & 10™ néu dung khong loc. Viéc st dung chinh cia dau do nay 1a véi
nhitng laser hoat dong xa hon ving hong ngoai. Nhirng cdm bién khéac ciing
da duoc dé xuat nhu silic-InGaAs véi nguyén té 256 va silicide bach kim
vOi nguyén td 1.024. Hiéu suét lvong t& cla nhitng dau do gidm dan t6i
10%, nhwng pham vi pho kéo dai dén 5um. RG rang cac cudc nghién ctru dé
thiét bi cam bién duoc cai tién vahiéu qua hon van tiép tuc.

2.6. B0 lay chuan (Instrument Calibration)
2.6.1. Chuan Tan sb (Frequency Calibration)

Céc thiét bi ciia FT-Raman duoc ldy chuan bai mot laser bén trong,
duwoc ding dé cung cap céc vi tri chinh xéc clia gwong di chuyén trong giao
thoa k& . Vi vay, cwdng do clia &nh giao thoa dwgc tinh nhu mot ham cla
vi tri gwong (khodng cach cm), va dugc chuyén qua mot bién doi nhanh
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Fourier dén nghich dao khoang cach hodc s6 song (cm™) trong viing quang
pho.

Da&i véi thiét bi tan sic, viéc doc s8 song hodc budc song trén dung cu
la khdng dwoc do tai tri s6 bé mat. Cac dung cu dwgc yéu cau phai duoc
hiéu chinh dinh ky. Thoi gian hiéu chinh tly thudc vao do chinh xéc cén
thiét cho méi mot thi nghiém cu thé. Nhitng quang phd ké tan sic dac thl
duoc ldy chudn tan s6 bdi mot trong nhitng phuong phap sau day.

(@) Mau chuén noi bo (Internal Standards)

Khi tinh chinh x4&c ~ lem™ dwoc yéu cau, mau chudn nodi bd co thé
dwoc sir dung. Day la nhitng tan sd clia cic vach phé clia dung mdi hoac
nhi*ng chat tan khong twong tac duoc thém vao. Nhitng vach clia hgp chat
duwoc do va so sanh véi tan sd clia cac chudn ndi bd. Tuy nhién, can luu y dé
viéc dich chuyén clia cac vach chinh (quan trong ) khong xay ra do sy
twong tac hda hoc gitra cac chit nén nghién ctru va mau tham chiéu clia no.
Ngoai viéc don gian, phuong phap nay c6 mot wu diém rd rét so véi cac
phurong phap khac trong do tan so xac dinh tlr vi tri cia mot vach ty déi so
voi tiéu chuan ndi b thi thwc chat khdng phu thudc nhiét do. Can luu y
rang viéc doc tir may don sac co thé thay déi tirng ngay va cang nhiéu tir 2-
3 cm™ néu sy kiém soé nhiét do bén trong may don séc bi truc tréc.

(b) Indene

Néu do chinh x&c yéu cau trén 0.5cm™, thi Indene (hop chét héa hoc
lay tir nhya than da) c6 thé dwoc st dung. Indene ciling da dwoc sir dung dé
|y chudn tan s6 cho phd IR. Trwéc khi sir dung, can duoc tinh ché bang
cach chung cét chan khong va dwoc lwu gilt trong 6ng mao dan kin hoic
dng cong hudng tir hat nhan (NMR-nuclear magnetic resonance). Hinh 2-13
cho thdy quang pho Raman ctia Indene, va Bang 2-7 liét ké céc tan sb duoc
khuyén céo str dung trong hiéu chuan.

Bang 2-7 Nhitng tan so yéu cau cho s hiéu chuan clia pho Indene (CgHg):

Vach S6 séng (cm™)
1 730.40 £ 0.5
2 1,018.3+£ 0.5
3 1,205.6 £ 0.5
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4 1,552.7+ 0.5
5 1,610.2+ 0.5
6 2,892.2+10
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Hinh 2-13 : Ph6 Raman cua Indene (CoHs)
(c) Vach plasma laser (Laser Plasma Lines)

Bang 2-2 liét ké nhitng vach plasma co ban clia laser ion Ar, mot s6
vach duoc sir dung cho hiéu chuan. Bé quan sat nhirng vach nay, céc tia
laser nén dwoc didu hudng, va céc birc xa tan xa can duoc thu bang mot éng
Kimax. Phwong phap nay cho hiéu chudn c6 do chinh xéc hon 1cm™. Bang
2-3 danh séch vach plasma cla laser ion krypton.

Bang 2-2 Mot vai vach plasma tir mat laser diéu huéng ion Ar :

Vach | Buéc song trong khéng khi (A°) | S8 song trong khéng khi (cm™)
1 4,545.05 22,001.96

2 4,579.35 21,837.16

3 4,589.93 21,786.82

4 4,609.56 21,694.04

5 ? ?

10
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6 4,657.89 21.468.95
7 4,726.86 21.155.69
8 4,735.93 21,115.18
9 4,764.89 20,986.84
10 4,806.07 20,807.02
11 4,847.90 20,627.49
12 4,879.86 20.492.39
13 4,889.03 20.453.96
14 4,904.75 20.388.40
15 4,933.21 20,270.78
16 4,965.07 20.140.70
17 4,972.16 20,111.98
18 5,009.33 19,962.75
19 5,017.16 19,931.59
20 5,062.04 19,754.88
21 5,141.79 19,448.48
22 5,145.32 19,435.14

Bang 2-3 Mt vai vach plasma tir mét laser ion Krypton:

Budc song trong Cuong do ty | BuGc songtrong Cuong do ty
khong khi (nm) doi khong khi (nm) doi

11
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522.95
530.87
533.24
544.63
546.82
552.29
556.86
557.03
563.50
567.28
568.19
569.03
575.30

577.14

600
2,300
2,000

900
1,100
1,050
1,000

550
1,400

570
3,500
2,000
1,000
1,700

587.09
599.22
624.02
657.01
721.31
728.98
740.70
752.45
758.74
760.15
784.07
785.48
799.32
805.95

750
1,000
700
1,000
600
900
800
600
550
600
520
500
700
600

(d) Vach phéat xa Neon (Neon Emission Lines)

DPeén neon rat kha dung, nhirng vach phét xa Ne co thé sir dung dé co
duwoc chuan cao tan trong mot dai tan sb rong. Bang 2-8 la day nhirng tan sb
Ne duwoc dung dé 1dy chudn cho phd Raman thu duoc bang kich thich mot
laser He-Ne va mot laser ion Kr.

Bang 2-8 Cac vach hiéu chuan clia dén Ne :

Vach | Buéc song trong khong khi | S6 séng trong khéng khi
(A% (em™)

1 6,328.1646 15,802.3702

2 6,334.4279 15,786.7453

3 6,351.8618 15,743.4156

4 6,382.9914 15,666.6356

12
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10
11
12
13
14
15
16
17
18
19
20
21
22
40
41
42
43

45
46

6,402.2460
6,421.7108
6,444.7118
6,506.5279
6,532.8824
6,598.9529
6,652.0925
6,666.8967
6,678.2764
6,717.0428
6,929.4672
7,024.0500
7,032.4128
7,051.2937
7,059.1079
7,173.9380
7,245.1665
7,438.8981
5,330.7775
5,341.0938
5,343.2834
5,349.2038
5,360.0121
5,372.3110
5,374.9774

15,619.5185
15,572.1743
15,516.5977
15,369.1802
15,307.1790
15,153.9193
15,032.8637
14,999.4824
14,973.9235
14,887.5038
14,431.1239
14,236.8007
14,219.8706
14,181.7948
14,166.0960
13,939.3455
13,802.3053
13,442.8512
18,758.9897
18,722.7567
18,715.0844
18,694.3709
18,656.6743
18,613.9633
18,604.7294

13
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

5,383.2503
5,400.5616
5,412.6490
5,418.5584
5,433.6513
5,448.5091
5,494.4158
5,533.6788
5,538.6510
5,562.7662
5,652.5664
5,656.6588
5,662.5489
5,689.8163
5,719.2248
5,748.2985
5,760.5885
5,764.4188
5,804.4496
5,811.4066
5,820.1558
5,852.4878
5,868.4183
5,872.8275
5,881.8950

18,576.1379
18,516.5928
18,475.2420
18,455.0931
18,403.8310
18,353.6447
18,200.2971
18,071.1609
18,054.9379
17,976.6678
17,691.0792
17,678.2803
17,659.8916
17,575.2599
17,484.8871
17,396.4522
17,359.3375
17,347.8027
17,228.1623
17,207.5380
17,181.6706
17,086.7507
17,040.3667
17,027.5732
17,001.3235

14
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72 5,902.9623 16,942.0820
73 5,902.7835 16,941.1600
74 5,906.4294 16,930.7027
75 5,913.6327 16,910.0797
76 5,918.9068 16,895.0118
77 5,944.8342 16,821.3270

- Tlr vach 01 dén 22 s dung cho phé Raman wiing 0-2400cm ‘thu duoc
bang kich thich laser He-Ne buir¢c song 632,8 nm

- Tlr vach 40 dén 77 s dung cho phé Raman wing 0-2000cm™thu dwoc
bang kich thich laser ion Kr buéc song 530,9 nm

(&)
17
=]

2 15
1 o 10 1 14 1 21
= 4
|I I I l J l En_l.__._,;..il i
15500 15000 14500 14200 13500
WAVENJMBER, CN—1

GE

4B (e}

ag 4l &2 65 T

18500 18000 17800 170800
WAVENLUMBER, “M-1

Hinh 2-14 Phé phéat xa dén Neon
2.6.2. Hiéu chuan cuong do (Intensity Calibration)

Cuong do cia mot tin hiéu Raman phu thudc cac nhan t6 gdbm nang
lvong tia laser t6i, tan sb cla blc xa tan xa, hiéu suét cla cach tlr (trong
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tredng hop ding thiét bi tan sic) va dau thu, kha ning hap thu (hé s3 hép
thu) cac vat liéu trong tan xa,lwc tan xa phan t&r cla dao dong riéng, va
nong do clia mau. N6 phtrc tap hon so v6i cac tham s6 matan s phu thudc,
vaduwoc biéu dién theo phrong trinh sau day:

|l =K )AV)v I, J0)C (23

V@i | la cwong do clia vach Raman, K (v) md ta dap (rng pho toan
phan, A(v) lahé s6 tv hap thu clavat liéu, v latan sb cta blrc xa tan xa, I
la cuong d6 clia bic xa t61i, J (v) 1atham sb tan xa phan t&, va C lanong do
clia mau.

S6 hang v* chi phéi cht yéu cwdng do néu cac sd hang con lai khéng
c6 khéc biét dang ké. Vi vay, mot tia laser ¢o tan s6 cao hon sé thu duoc
mét tin hiéu Raman manh hon. Vi hau hét cac thanh phan nay khéng duoc
biét, nén vo cuing khé khan dé xac dinh cuong do tuyét doi tir phwong trinh
(2-3). Tuy nhién, giatri ty d6i ciia mdt mau trong dung dich co thé xac dinh
dé dang bang cach do cuong do ty d6i cia mdt vach Raman.

Dau tién, mot dwong cong lam viéc dugc chuan bi tir pho clia mot loat
céc dung dich c6 chira mot lwvgng khéc nhau clia mau xét dén va mot luong
cd dinh ctia mdt mau chudn khong twong tac. B4i voi cac giai phap dung
dich ngdm nuoc, ClO* 1a ly twdng vi no tro hdéa hoc va cé mdt vach pho
Raman manh tai 928 cm™. Sau d6, mot cuong do ty déi dwoc tinh cho moi
dung dich béng cach chia cvong do cla vach manh nhat clia mau cho mau
chudn ndi bd. Sau do, cwdng do ty d6i clamau duoc cho bdi phuong trinh :

_ KW)AE)VIIV)C
" TKW)AV).M)IV)C

(2-4)

Vi tit ca cac s8 hang chira v’ chi thanh phan clia mau chuén. C va C* lan
lrgt lanbng do clia miu va mau chudn.Vi nhitng s8 hang con lai khong d6i
nén phwong trinh cé thé viét :

l,g =constant.C  (2-5)

Theo cach dé, mot duvong cong lam viéc chuan cé thé thu duoc vay trong
bt ky k¥ thuat dinh lugng nao.

D6 thi cuong d0 Raman dwa vao buréc sdng laser kich thich goi 1a mot
excitation profile (tap hop kich thich). Excitation profile biéu dién trong
hinh 3-21 la nhirng thdng tin quan trong vé trang thai kich thich dién t& nhu
tinh d6i xtrng clia dao dong phan t&r. Cwvong do clia mot vach Raman thi cuc
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dai néu diéu kién cong hudng chinh xac xem & phan 1.15. Khi xay dung
excitation profile tan s6 phu thudc clia J(v) thi quan trong. N6 thi kho xac
dinh, du vay dé xéac dinh J phu thudc vao v tlr crong do thay doi vi K vaA
bién thién theo v.

WAVELENGTH (nm)
560 580 &00 620 B40 &60
10.0 -'_f_ T T T T T T T ™ T T
5.0
8.0
7.0
Egof
w 5.0F

L

T

108850,

3.0¢
2.0
1.0k

10.0F

9.0 — 2182
8.0r - 1389

F:T.Ur — .33
B.0

Z5.0¢

|_

Z40}
3.0f
20}
10t

== P irne ; i .
178 174 170 166 162 158 154 150

DYE LASER WAVELENGHT
(CM-110-3)

.....

Hinh 3-21 So sanh phd hadp thu dién tlr va biéu do kich thich pho cong
hudng Raman clia Tetracyanodimethane anion radical (TCNQ ).A) pho
hap thu dién t& tir 15.000 dén 17.859 cm™. Hé s suy giam ¢, thang do dwoc
chuan héa theo ¢ tai buéc sdng 663nm (15.083cm™)=3.10°M*cm™. B) Biéu
dd kich thich sy chdng chap clia v, (2.192cm™), v, (1.389cm™), vs (1-195cm’
1 va vg (336cm™),thang cudng do ty déi thi duoc chia tir 0 dén 10 cho ca
bén pho.

V@i : TCNQ(CoHgNy) + € - TCNQ™
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N%"\\C\ C///-N

C c/ (TCNQ)
C/ \C

NZ SN

Hé s6 tw hdp thu trong phwong trinh 2-4 thi biéu dién nhu :

AVv) e(v) l-exp[—<()C.]
AV)  eWv) 1-exp[-&(v)CI]

(2-6)

Vi g(v) 1ahé sb hap thu phan t tai v, C 1anong do cla sy hap thu val
la do dai dwong di. Tuy nhién, hiéu chinh pho dap (rng thi phirc tap hon.
Dai vai phuong phap cu thé xem tham khao clia Strommen va Nakamoto.

2.7. K¥ thuat tao mau (Sampling Techniques)

NGi chung, k¥ thuat tao mau trong phé IR vaph6 Raman la khéc nhau
dang ké. Trong ph6 Raman, tdy vao dang (ran, léng, khi..), tinh chét cla
mau va muc dich nghién cru ma ching ta s& st dung k¥ thuat tao mau cho
pht hop. Dudi day lamot so k¥ thuat tao mau co ban dung cho pho Raman.
2.7.1. Cac hogp chat khéng mau ( Colorless Compounds)

Né&u mau la khéng mau, thi phé Raman dé dang thu dwoc bang céach
chiéu vao mau moét chum laser ma bwdc song ciia nd thudce ving kha kién
(tdn xa Raman truyén thong). Quang phd Raman c6 hai |gi diém so voi pho
IR:

MOt 14, mau cé thé duoc chira trong 6ng thly tinh (pyrex) bdi vi anh
sang tén xa Raman trong vung kha kién khéng bi thiy tinh hap thu. Do do,
nguoi ta co thé do mot cach dé dang phé Raman clia cac hop chét dé hat
4m, chdt &n mom, chat nhay voi 6xy...bang cach chita ca&c mau nay trong
6ng thiy tinh va bit kin lai. Tuy nhién, loai dng thdy tinh cé thé tao su
huynh quang hay nhiéu néu no cé chira tap 1a cac mudi ctia dat hiém.

Hai 1&, phé Raman clia céc dung dich nwéc cd thé dugc do mot cach dé
dang vi nuéc la chat tan xa Raman yéu, trai lai nwéc hap thu rat manh trong
pho IR.

18
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Khe

Chim laser Chiim laser

d)

«— Miu trong KBr
~] «— KBr

Hinh 2-20 (a) cuvét khi véi cac guong cong hudng ngoai. (b)cuvét mao dan cho chat
16ng. (C) cuvét hinh tru cho chét I6ng. (d) vién é KBr cho cac mau ran.

(a) Chét khi

Mau chét khi thwdng dugc chira trong 6ng thly tinh c6 duwdng kinh tir
1-2 cm va bé day c¢d 1mm. Chat khi cling cé thé dwoc chira trong mot ong
mao dan nhd c6 dwong kinh hoi 16n hon duong kinh clia chum laser (c&
1mm). D6i v6i céc chét tan xa Raman yéu, ngudi ta co thé 1&p dat thém mot
bd cong hwdng ngoai dé ting cuvong dd6 Raman theo nguyén téc ting s6 lan
cham laser di qua mau (hinh 2-20a).

(b) Chat léng

Cac mau chét 10ng co thé dwoc chira trong 6ng thay tinh, 6ng mao dan
phu thudc vao lrgng mau san c6 (hinh 2-20b). B6i voi nhitng lvong mau vo
cuing nhé (~107 lit) thi nguoi ta s dung 6ng mao dan c6 dwong kinh 0.1 -
0.5 mm va chiéu dai ¢c& 1mm. S dung cac cuvét dang hinh tru cé kich
thwde 1on (hinh 2-20c) s& lam giam dugc sy 1am nong cuc bd trong mau va
cho phép xac dinh mdt cach chinh xac ty 1é khir phan cuc. Néu dung dich
chtra nhiéu hat nho thi tiéng 6n dang “dinh” sé xuat hién rat manh.
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(c) Chét ran

Phu thudc vao lwgng mau sin cd, cac mau dang bot co thé duoc chira
trong céc 6ng thay tinh, 6ng mao dan. Phd Raman trong truong hop nay
dwoc do gidng nhu trong treong hop mau la chét 1ong. O day nguoi ta cling
st dung k¥ thuat vién ép KBr gidng nhu trong pho IR. Truwéc tién, nén 200g
KBr vao khudn dé tao dé. Sau dé nguoi ta phun mau dwoc pha lodng voi
KBr mdt cach déu dan lén dé dé tao nén mot vién ép KBr hai 16p (hinh 2-
20d). K¢ thuat nay chi can mdt lvgng nhd mau va giam duoc sy phan ly
mau do nung nong cuc bo.

2.7.2. Cac hop chat c6 mau (Colored Compounds)

Dai voi cac mau co mau mané hap thu nang luong ctia chim laser, thi
hién twong nung néng cuc bd trong mau co thé xay ra. Trong tredng hop
ndy nguoi tatién hanh mot vai tha tuc dé giam nang lvong laser :

1) Thay doi buéc song laser kich thich. )

2) Lamgidm sy hoi tu cﬂachl]rr] laser [én mau.

3) Lam giam ndng do trong mau trong vién ép hay trong dung dich dé
tranh hién twong hap thu do mau.

4) Lémlanp maul.

5) Quay mau. )

6) Di chuyén chum laser qualai trén mau co dinh.

Céc k¥ thuat nay rat quan trong trong viéc ghi phd Raman cong hwdng
ma co thé thu dwoc bang cach digu chinh tan s8 laser vao viing hap hap thu
manh clia miu. Nguoi ta cling c6 thé dat xen mot thdu kinh danh hinh try
gitalaser va mau (hinh 2-21a). Chum laser sau d6 dwoc hdi tu 1én mau tréi
dai tr 10 dén 25 mm thay vi vai micron. Phuwong phap nay lam gidam mat do
nang luvong trén mot don vi dién tich dén 1000 lan.

(a) K§ thuat quay mau (Rotating Sample Techniques)

Ma&u 16ng. Hinh 2-21b m6 t& md cuvét dang hinh tru quay ding cho
dung dich ¢ mau. N6 duoc gan chat trén mdt mam cdp bang dong co truc
quay noi véi mo-to co thé quay véi van toc tir 0-3.000 vong/phtt. M dc du
thé tich clia cuvét 1a 65 ml nhung ta chi can 15 ml 1a du vi trong qué trinh
quay luc ly tam s& |am cho toan bo chat 16ng bam vao thanh cua cuvét.
Chum tia laser kich thich s& duoc hoi tu vao ving ndy (ving gan thanh
cuvét). Lop chit long nay rat mong do d6 sé& giam thiéu duoc sy hap thu anh
séng tan xa Raman boi chinh chat long (su tu hap thu). Chom tia laser
khong duoc cham vao thanh thity tinh boi vi nd s& tao nén nhirng vach phé
do thuy tinh sinh ra.
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CL
S
-)r';;' > ‘
T rmang v
ovas )

«~_ Chim laser tron

a)

Chit 16ng

Pé&n quang & E
phé k& =

|l

b) "T
Chim laser

Hinh 2-21 (a) Hé théng quang hoc dung lam gidm si hoi tu chum laser [én
mau. C : thu kinh hinh tru; M : gvong; S : mau : CL : th&u kinh thu nhan.
(b) cuvét dang hinh tru quay

Mau r&n Phé Raman (cong hudng) cua cdc mau chat ran cé thé dugc
do bang céch sir dung cac vién ép nhu d& duoc md ta ¢ phan trudc va quay
ching theo ky thuat nhu dugc mé ta trong hinh 2-22a. Hinh 2-22b mé ta
mot khuon dat biét vai mét cai dia dang vanh tron c6 réanh trén @6 va duoc
gan véi truc quay. Mau duoc cho vao ranh va duoc nén. Néu bé rong cia
rénh ¢& 1mm vanéu phia dudi mau c6 dé trudc mot 16p bot KBr thi ciing ¢d
thé thu duoc phd Raman cia cac mau vai luong rat nho (co 1mg).

Mau chét khi Mic du van chwa dugc thuc hién nhiéu cdng viéc trong
linh vuc hoi hdp thy, md ta cia mot cuvet quay cho hoi hap thy ¢ nhiét do
cao d& xuit hién trong van ban.
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Bot tinh thé nén

Pén quang phd k&

Chum laser
hoi tw

NénI L i : ] ‘—I-Dl_mgcunén
thiy luc —

1. Dung cu gilf mau

(b)

Hinh 2.22 (a) dung cu quay cho mau ran; (b) dung cu tao mau bot nén
dang vanh tron.

(b) K¥ thuat quét bé mat (Surface Scanning Techniques)

Trong khi do ph6 Raman, d6i khi chung ta can quay mau va dong thoi
gitt n6 & nhiét d6 thap. Hinh 2-23 md ta mot hé thong dung dé thuc hién
muc dich nay. Mau dugc lam lanh béi mot thiét bi goi 1a cryostat (dung nito
long). Chum tia laser kich thich duoc quét trén mau bang céch quay thau
kinh L.

B§ gilf miu

Chum laser |
i bing dong

Cira s6

Quang phd k&
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Hinh 2-23 So d0 kj thuat quét bé mat mau quay
L1 : thdu kinh quay, n6 hoi tu chim laser trén bé mét mau va dong thoi thu
nhan anh sang tan xa nguoc Raman;
L2 : thau kinh héi tu anh sang tan xa Raman vao khe ctia quang pho ké; f1,
f2 : tiéu cuw thau kinh.

2.7.3. C4c cuvet dac biét (Special Cells)

Bén canh nhitng cuvét da dugc mo ta trén, ching ta ciing c6 nhirng
loai cuvét khéc phuc vu cho cac muc dich nghién ctru dac biét.

(a) Cuvét duoc diéu nhiét (Thermostated Cells)

Céc phan tir sinh hoc, ching han nhu protein, axit nucléit s€& bi thay doi
vé cau tric néu nhu nhiét d6 bi thay doi trong qué trinh do. Mot vai loai
cuvét da thiét ké gitr nhiét do theo yéu ciu, chang han nhu tir 5 - 95°C va tir
nhiét do phong dén 100°C.

(b) Cuvét nhiét do cao (High-Temperature Cells)

Phd Raman c6 thé duoc dung dé nghién ctru céc loai thuy tinh, vat liéu
gém, mudi néng chay & nhiét d6 cao. Hinh 2-24 md ta mot cuvét nhiét do
cao duoc sir dung dé nghién ciru phdé Raman & trong khoang nhiét do 295-
483 K. CO hai loai cuvét duoc thiét ké cho cac mudi kim loai néng chay &
nhiét do cao (dén 1.000% : mot cad khong cd cira sd va mot ca bing
graphite véi cra sd bang kim cuong.

=—1,2 cm—=

Cidc thanh nhiét .
\ | — Thermocouple

_~ Xi ming chiu lifa

Ong mao din
chifa miu

d%m __ Cirasé

_J-_._ S/ A 9% Chamténxa

Nip thiy tinh

Chim laser tdi
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Hinh 2-24 Cuvét Raman nhiét d6 cao
(c) Cuvét nhiét do thap (Low-Temperature Cells)

Hinh 2-25a md ta mot loai cuvét co tén 1a Dewar ding cho mau long &
nhiét do thap (tir 77 dén 300 K). Nito 16ng vatuyét hitu co (organic slushes)
dugc dung dé 1am lanh hé théng ndy. Hinh 2-25b m6 ta mot loai cuvét co
thé do dugc phd Raman caa chat 1ong dugc |am lanh. Dung dich mau dugc
chira trong mot céi bau nho (~ 4 ml) vanhiét do duoc giir trong khoang tir -
80°C dén nhiét ¢o phong. Nhiét do duge diéu khién bang mot dau 1am lanh
(cold tip).

{—\ Ch4t 1am lanh

‘r: l :ﬁE Chuyp thiy tinh
{ I 1| Bémat
(R { b~ phi bac
:'\ QQ{;/ k:/;}:
‘:7‘ Piu lam lanh
Miu : il Chium laser
* a) b)

Chiim laser
Hinh 2-25 (a) cuvét Dewar nhiét d6 thap don gian;
(b) cau hinh cta cuvét cd bau nhé dung & nhiét do thap
(d) Cuvét cong hwdng tir ngoai (UV Resonance Cells)

Pé nghién ciu phé Raman cong hudng ¢ ving UV, ngudi ta st dung
budc song UV cua laser Nd:YAG dé kich thich (226 nm).

Thanh anh va céc vt liéu trong sudt d6i véi UV co thé phét huynh
quang néu nhu bi kich thich qué 18u bai buc xa UV. Bé tranh, phai s dung
céc vat liéu cra sb va han ché téi da su pha hily mau do anh sang UV quéa
manh.
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Mot vai ky thuat tao mau khéc: ky thuat dong chat luu, k¥ thuat man
mong.

(e) Soi quang hoc (Fiber Optics)

Trong nhitng niam gan day, ngudi ta Sir dung dau do (probe head)
bang soi quang dé dan chum tia laser dén mau va nhan anh sang tan xa
Raman dua vé quang phé ké. Puong dan chum laser di chi can mot soi
quang 13 di, nhung dudng dan anh sang tan xa tro vé phai sir dung nhiéu
soi quang hoc dang bd. Soi quang hoc thuong dung la loai ¢c6 duong kinh
¢ 200 . Trong k¥ thuat nay khong doi hoi sy sip xép thang hang gitra
chum laser t6i va mau, khdng can hé quang hoc thu nhan énh sang tan xa va
mau cd thé dat xa quang pho ké. Loai dau do nay rat hiru dung trong viéc do
phd Raman & nhiét do thip vatrong tir trudng cd cudng d6 cao. Hinh 2-26
1a so @6 nguyén tic hé théng dau do bang soi quang.

Laser

—

FRA 106

Tdn xa Raman

= e

Biic xa laser

bau do

- / Thu nhin

P

7954) dnh sdng tin xa

i,

Laser

Hinh 2-26 So d6 dau do bang soi quang hoc

Module FT-Raman véi bd phan sgi quang
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2.7.4. . Céach bo tri cho tan xa nguoc (Backscattering Geometry)

Céch bb tri hinh hoc cho tan xa nguoc (135°, 180°%) c6 mot sb loi thé
hon so vé6i cach b tri théng thudng (90°). Hinh 2-27a va b trinh bay mot
thiét ké don gian, da nang né cho phép quay va lam lanh miu mét céch
ddng thoi.

Hinh 2-27 B6 quay mau cho tan xa nguoc. (a) cau tao clia bd quay voi J :
6ng boc thy tinh (pyrex) bao quanh 6ng mau S. Khi lam lanh (N,) di qua
6ng J dé diéu khién nhiét do mau; Ly, L,, M |a céc thau kinh va guong; C :
dung cu gitr mau. (b) Chi tiét ciia dung cu gitt mau. O : chi tiét hinh con
bang ny-16ng dé gitr 6ng mau ; P : dai 6¢ bang nhdm; Q : la truc quay.
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Su thay mau vahoi tu chiim laser vao mau duoc thyc hién mot cach dé
dang va nhanh chong. M 6t sd wu diém cua tén xa nguoc duoc liét ké dudi
day:

M@t 13, tranh duoc hién twong ty hip thu & cac mau dung dich mau.

Hai 13, c6 thé do tan xa Raman va hap thu trong viing UV - kha kién
mot cach ddng thoi.

Ba &, c6 thé thu duoc phé Raman don tinh thé cua cac tinh thé nho ma
chi cAn mot mat tét trén tinh thé cho mdi huéng. Trong khi do, tan xa 90°
can phai ¢d hai mat tot.

B6n 13, o thé thu dugc phd & nhiét do thap véi mau rat nho.

Téan xa nguoc cling c6 mot vai yéu diém, chang han nhu nhiéu (noise)
do su tan xa Raman do ban than thay tinh caalép boc hay cuvét chiramau.

2.7.5. Véan dé huynh quang (Fluor escence Problems)

Mau do c6 thé hip thu chum laser kich thich va sau d6 phat ra b iic xa
huynh quang (hinh 1-8). Trong trudng hop ndy, phd Raman cé thé bi che
boi dai phd huynh quang. Cuong do huynh quang c6 thé 16n hon 107 13n
cuong d6 tin hiéu Raman. C6 mot sb phuong phap dé han ché sy anh huong
nay. Néu céc tap chat trong mau gay ra hién twong huynh quang, thi mau
can phai dugc xur ly cho tinh khiét hon dé loai bo tap chat hoac phai duoc
kich thich bai chum laser cong suat manh voi thoi gian kéo dai dé tay sach
hét cac tap chat gay huynh quang.

Néu chinh mau nghién ciru phét birc xa huynh quang, thi viéc truée
tién can lam 1a thay d6i buéc song kich thich. Do dich chuyén vé ving buéc
song dai hon, sy huynh quang c6 thé duoc giam mot cach dang ké. Pho FT-
Raman (phan 2.6) la ly tuéng nhat boi vi ngudn laser kich thich cua né
thuoc vung IR (vi du laser Nd:YAG ¢6 budc song 1064 nm) ma ¢ do cac
dich chuyén dién tir hiém xay ra

Ngoai ra, ngudi ta cd thé ding c&c chit nhu : kali iodua (KI, ¢ dang
dung dich hay ran), thiay ngan halogenua (¢ thé hoi) dé dap tit huynh
quang. Sir dung laser kich thich dang xung ciing c6 thé han ché sy huynh
quang bai vi thoi gian sdng caa birc xa tn xa Raman (102 - 103 s) langén
hon nhiéu so voi thoi gian sbng cua birc xa huynh quang (107 - 10°s). Do
d6, chiing ta ¢ thé ding mot cong dién tir dé ghi mot cach wu tién cac buc
Xa tan xa.
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Nguoi ta ciing ¢ thé sir dung quang pho ké Raman CCD (phan 2.5)
véi ngudn kich thich [alaser He-Ne 10 mW dé han ché huynh quang bai vi
su kich thich bang buéc song dai cua laser He-Ne khong thé gay nén céc
dich chuyén huynh quang. Do tinh chat dinh huéng, quang pho ké CARS
(Coherent Anti-Stokes Raman Spectroscopy) ciing duoc st dung dé tranh
hién tugng giao thoa huynh quang.

2.7.6 Nhiét 46 mau

Nhiét d6 cua mau co thé dugc wéc tinh dua theo ty sb cudong do cua
vach Stokes va phan Stokes, nhu sau :

Lo GG g T | .

. (Vo+v,) KT
trong d6 ¥, lasd song caavach laser, v, 1asH song tan xa Raman cia mau,
hlahing s6 Planck, clavan té anh sang, T lanhiét o tuyét ddi. Tir phuong
trinh 2-3 c6 thé suy ra cong thuc tinh nhiét do tuyét dbi T nhu sau :

~ v, x1.43879

T= > } (2-4)

I V,—V
{Ins+4ln B

~ ~

as V0+Vm

Tuy nhiéu cong thic ndy khdng thé &p dung duoc trong trudng hop
céc vach phan Stokes qua yéu. Ciing can chu rang phwong trinh ndy chi ang
dung trong diéu kién phé Raman khéng cong huong.

U'u diém ctia phd Raman so vGi pho IR :

- Mau ¢6 thé duogc chiratrong 6ng thuy tinh (pyrex) boi vi 4nh sdng tan xa
Raman trong vung kha kien khong bi thuy tinh hap thu. N

- Phd Raman cua cac dung dich nuéce 6 the duoc do mot cach de dang vi
nudc la chat tAn xa Raman yéu, tré lai, nugc hap thu rat manh trong pho
IR.

2.8. Xac dinh ty s6 khir phan cuc (Deter mination of
Depolarization Ratios)

Nhu d8 dugc dé cap trong phan trude, ty 6 khir phan cwc cua phd
Raman cung cip théng tin quan trong vé sy dbi xtng cua dao dong ma nd
khong thé thiéu trong viéc giai doan cac dai phé.
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Hinh 2-18 md ta mot hé théng toa do dung dé do ty sé kha phan cuc.
Mot phan tir duoc dat ¢ goc toa 6. Chiéu vao miu theo phuong y mot song
phan cuc phang c¢6 véc to dién truong dao dong trong mat phang yz (E,).
Néu ta quan sét birc xa tan xa tir phwong x va do cac cuong do theo céc
phuong y (I,) va phuong z (I,) bang céch ding kinh phan tich thi ty sb khi
phén cuc (pp) duoc dinh nghia nhu sau :

p _Iy(li) (148)
o = -
I z (I ||)
Z
[El"
Iz ﬂ"]
] y

Kinh phén tich — ,q) Chim laser dén
B§ trén 3
scrambler — {/

/ L)

X e il
Phudng quan st

Hinh 2-28. Chiéu anh sang phan cuc vao mau theo phwong y véi véc-to
dién trrvong dao dong theo phuong z

Trong trueong hop ndy, méy phéan cuc khéng duoc sir dung vi cac tia
laser toi 1a gan nhu hoan toan phan cuc theo hudng z. Néu mot may tién
don sic duoc dit & phia trude caa laser, mot kinh phan cuc phai dugc chén
vao dé dam bao phan cuc hoan toan. Bo tron (ném tinh thé thach anh) ludn
ludn phai dugc dit sau kinh phan tich ké tir khi may don sic céch tir cho
thay hiéu suat khac nhau véi anh sang phan cuc L va ||
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145 ey

\

Hinh 2-29 B§ tron bang tinh thé thach anh don va ghép doi

X ét mot phan ti tir dién chang han nhu CCl, duoc chiéu bai anh sang
phan cuc phing (E,). Khi d6 ludng cuc (dipole) cam ung ciing dao dong
trong mat phang yx :

Néu phan tir thuc hién mot dao dong déi xing hoan toan thi ellipsoid
lubn c6 dang hinh cau, tic |1a phan tir bi phan cuc nhu nhau theo moi
phuong. Duéi diéu kién nhu thé, 1,(1,) = 0 do ludng cuc (dipole) phét ra
birc xa ludn bi “giir chit” trong mit phang yz, do do pp = 0. M6t dao dong
nhu thé goi 1a bi phan cuc (dwoc viét tit 1a p). Trong chét 16ng hay dung
dich, cac phan tir duoc dinh huéng mét cach ngiu nhién. Song két luan nay
van con dung vi elipsoid phan cuc ludn 1a hinh ciu trong dao dong ddi
xung toan phan.

-Néu phan tir thyc hién mot dao dong khong dbi xang hoan toan, thi
ellipsoid phan cuc s& thay ddi hinh dang cua né trong sudt qua trinh dao
d6ng. Khi d6 ludng cuc (dipole) cam wng s& [on nhat doc theo phuong phan
cuc 16N nhat, tic 1a doc theo phuong ctia c&c truc phy cua ellipsoid. Do céc
truc nay dinh hudng moét cach ngau nhién trong céc chét long va dung méi
cho nén momen ludng cuc cam tng cing sé dugc dinh hudng Mot cach
ngau nhién. Trong truong hop nay, pp # 0, va dao dong duoc goi la bi khir
phan cyc (viét tat 1adp). Tir tinh toan ly thuyét taco

B 3gs +5ga

pp _1cg0 +4gs

(1-49)

Trong do :
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1
0 _ 2
g _g(axx +ayy +a,)

s 1
g = g[(axx _ayy)z +(O('yy _O('zz)z +(O('zz _axx)z]

+%[(a‘xy + (x’yx)z + (ayz + a’zy)z + (a’xz +azx)2]!

. 1
g = E[(axy _ayx)z +(G‘xz _azx)z +((xyz _azy)z]'

Trong tan xa Raman thuong, g* = 0 do ten-so phén cuc 13 déi xing. Khi
do, (1-49) tro thanh :

3g°

R

Py

Trong dao dong ddi xung hoan toan, g° > 0 vag®> 0. Do d6, 0 < p, <
3/4 (bi phan cuc). Doi voi dao dong khong déi xieng hoadn toan (mot phan),
o°=0vag®> 0. Do do, p, = 3/4 (bi khir phan cyc).

Trong tan xa Raman cong hudng (g° # 0), ta co thé cb p, > 3/4. Vi duy,
NéU oy = - Oyx VA C&C phan tir con lai nim ngoai duong chéo 1a bang
khong, g° = g°= 0 vag® = 0. Khi do tir (1-49) cho ta p,— . Diéu nay dugc
goi la phan cuc di thwong hay nghich (viét tat 1a ap hay ip). Trong pho
Raman cong huong cua metallopophyrins s& xuat hién dao dong phan cuc
(A1g), khir phén cuc (B1g va Byg) vadi thuong (Azg).

Mic di céc dit liéu phan cyc thuong thu dugc cho chat long va don
tinh thé, van co thé dé do ty sb khur phan cuc caa dinh phé Raman tir chat
ran bang cach ngung tu chiing trong maot vat liéu véi chi sé khic xa tuong
tu. Viéc sir dung chat huyén pht cé thé duoc thodt vong bing céch thém
céc-bon den hodc CuO. Chirc ning cua phu gia tdi (den) dudng nhu co lién
quan dén viéc giam sy xuyén siu cua tia lasser, tao ra sy suy giam cuatia
phan xa hay khuc xa, 1am thay d6i ty d6i dén sy phan cuc.

2.9. Hiéu pho Raman (Raman Differ ence Spectroscopy)

Hiéu phd Raman |a mot ki thuat co giatri cho viéc trir di cac vach phé
cia dung madi tir phd caa dung dich va dé xac dinh nhitng dich chuyén nho
cia phé chat tan do thay thé dong vi hodc twong tac véi cac phan tir khéc.
Hinh 2-27 minh hoa mét cuvet hinh tru duoc chia thanh hai phan bang
nhau, mot chira dung dich va mét chi chira dung méi. Bang viéc quay cuvet,
céc tialaser chiéu xa lan luot dung dich vadung méi.
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L TIMING

SPECTROMETER
SCATTER CTRO

_—— e

ENTRANGCE
SLIT

e,

Hinh 2-30 Cuvet quay chia

Dé ghi phd vi sai, mot hé thdng dién tir gdbm mot cong khuéch dai vi
sai duoc sir dung. Néu sy dich chuyén tan sb da xay ra chi théng qua su
twrong tac chat tan-dung mdi, sy chénh léch tin sb duoc tinh bang céach sir
dung phuong trinh:

Av = O.385F(||—d)

0

0 day, I' 1a d¢ rong vach do (Av <<I'), I 1a cuong d6 tur dinh téi [Gm
(p-v) cua phd sai phan, valy 1a 6 cao dinh cua vach phé Raman. Mic du
phuong trinh ndy |a danh cho dai tan dang Lorentz, két qua la xap xi nhu
nhau cho dai tin dang Gauss (hang s6 0,385 trg thanh 0,350). Trong trudng
hop ciia hdn hop cacbon disufua benzen, d¢6 dich chuyén nho nhat do duoc
|4-0.06cm™ vasai sb lién quan [a + 0.02cm™.

Mot hé quay thuan tién, cd thé dugc st dung cho (1) hiéu phé, (2) k¥
thuat quay mau thuong (chat ran va dung dich), va (3) tu dong quét cuaty
s6 khir phan cuc nhu mot ham cia sd song da duoc thiét ké. Hai chi tiét
thiét bi cho viéc hiéu phd da dugc xay dung gom:

- Mot 1a 6ng NMR (cong huang tir hat nhan- nuclear magnetic resonance)
duoc chia thanh hai phan bang nhau (mdi phan chira 0,5 ml dung dich hoic
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it hon) va duoc quay boi mot may quay NMR. Sau d6 pho vi sai dugce do
bang tén xa nguoc hinh hoc.

- Hai 1a mot am thoa diéu huong xép véi mot cap chén mau dugc gan vao
mot dng 1am lanh cia bd diéu nhiét, va phd vi sai thu duoc bing dao dong
hai mau nho dong lanh theo chiéu ngang qua thiét bi tir tinh.Phé Raman cua
ion S0,* trong dung dich K,SO, va NaSO, dong lanh thu duoc bing
phuong phap cii thé hién trong Hinh 2-28. Sir dung Eq. (2-11), Av duoc tinh
toan 1&-0,4 cm™. Sy chéch Iéch ndy rd rang 1a do su khéc biét trong lién két
ion gitra hai dung dich.

Hinh 2-31: Cac v; (A; d6i xing)
vach phé clia ion S0,* trong dung
dich K,S0, va Na,SO, dbng lanh.
Ca hai pho déu duoc do voi kich
thich tir mot laser ion Ar 488nm & do
phan giai 5cm™. AB la st khac biét
ctia phé Raman K,S0, trir Na,SO,.

INTENSITY —»

A =—0.4 cm-1

960 970 980 990 1000



