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Chuong 2: Thiét bi vaky thuat thwc hanh

2.1 Nhitng bd phan chll yéu cta quang pho ké Raman
Quang pho ké Raman gdbm 5 b0 phan chi yéu:
> Nguon kich thich ph6 Raman, thwong la Laser lién tuc (CW).
> Heé théng chiéu mau va hé thdng thu nhan céc anh sang tan xa.
> B0 phan gitr mau.
> May don sac hoic may quang phé.
> Hé théng do bao gom detector, may khuéch dai v athiét bi hién thi tin
hiéu.
Hinh 1 minh hoa so dd 1&p dat dién hinh clia cac thanh phan trén. Hién nay
nhiéu quang pho ké Raman duoc thiét ké theo mo hinh nay
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Figure 2-1 Schematic diagram of the major compoenents in a Raman Spectrometer. (Repro-
duced with permission from Ref. 1.)

Hinh 1: so d& mdt hé théng Raman tan sic dién hinh
Trong nhitng ndm gan day nguoi ta 1&p thém may vi tinh dé diéu khién thiét bi,
Xt ly s0 liéu va dua vao st dung cac nguon laser kich thich & v ung ttr ngoai (UV) va
can hong ngoai (NIR)



2.2 Cac nguon kich thich
Céc loai laser lién tuc (CW) chéng han nhu :
e Ar"(3511- 514,5nm)
e Kr* (337,4- 676,4nm)
e He-Ne(632,8nm)
thuong st dung trong phd Raman
Gan day cac laser xung chang han nhw Nd:YAG, diode, valaser excimer da
duoc str dung cho phé Raman cong hwdng UV va phé Raman phéan giai theo thoi
gian
* Nhirng vu diém cta chum laser
Laser langudn kich thich Ii twdng cho phé Raman chii yéu do céc dac tinh sau:
> Cong suit 16n, céc vach don cla laser CW c6 thé dé dang dat cong suét 1-
2W con laser xung c6 thé cung cip dong dién cuc dai 1én dén 10-100W
> Chum laser c6 do don séc cao. (vi du: do rong cta laser Ar* IaO,lcm'l)
> Chum tialaser thi cd ban kinh nhd (1-2mm) va cd thé gidm xudng con
0,1mm bang cach st dung hé thdu kinh don gian. Do d6, toan bd thong lvong birc xa
clia ngudn kich thich cé thé hoi tu | én mau kich thudc nhd, rét thuan loi trong viéc
nghién ctru cac chat 16ng c6 thé tich rat bé ( cd pl) vacéc tinhthé (c& 1mm°)
Trong quang phd micro-Raman ngui ta ¢ thé nghién clru cac mau nhé c6 ban kinh
cd 2 um
» Chum tialaser thi hau nhu la phan cuc hoan toan, do dé né rat ly tuéng cho
viéc do ty s6 phan cuc
> C6 thé tao nhitng chim laser ¢ khoang thay d6i bwdc song rong bang cach
sr dung laser mau va cac thiét bi khac

2.1 Laser khi sdong lién tuc
* Cau tao: gom cac bo phan chinh
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Figure 2-2  Schematic of a typical gas CW laser.

> MOoi trvong hoat tinh : lachat khi vi du nhw khi Ar, Kr..dwgc chira trong
ong plasma

> Bubng cong hwdng: gdm 2 gwong phan xa, mot guong c6 hé so phan xa
l&n, mdt guong cd hé sé phan xa thdp hon cho chum tia laser thoat ra
ngoai

> B0 phan kich thich hay ngudn bom: ¢ vai tro cung cap nang luvgng dé
tao mat do dao 16n trong moi trwong hoat tinh. BA&i vdi laser khi thi dién
tlr duoc giatde trong dién truong va nang lugng duoc truyén cho cac
nguyén t&r trong moi truong hoat chat théng qua qua trinh va cham

> Hai clra s6 Brewster nghiéng mot goc 6 dwgc xac dinh dinh bai tg 6 =n
trong do6 n la chiét suét cla vat liéu 1am ctra s0. d6i v&i thach anh trong
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viing kha kién thi 8 =55,6°. & géc Brewster chim ra cla laser hau nhu
phan cuc hoan toan theo mot phuwong c¢d dinh

* Hoat dong

Cho dong dién rat cao phdng qua khi Ar vaKr chira trong 6ng plasma. Su
phéng dién nay sé lam ion héa chét khi va lam tang mat do trang thai kich thich dé
phét |aser

Céc photon phat xa bi phan xa béi hai gwong clia budng cong huéng vatuong
tac voi cac ion daduoc kich thich, sy phat xa do kich thich tao ra nhitng photon cé
nang lwong bang nhau, c6 pha va phrong dao déng nhw nhau, qua trinh tiép dién cho
dén khi dat dwoc sw can bang gilra kich thich va phét xa, ca hai guong dugc ma dé
phan xa anh sang c6 bwéc séng mong mudn va cho truyén qua nhirng anh sang c6
buwdc séng khac

Guong ng0 racho truyén qua mot phan birc xa da duoc tich trir trong budng
cdng hudng vabtrc xa nay chinh la chum laser

M6t lang kinh duwoc dat gitra hai guong dé budc laser chi hoat dong & mot buéc
song mong muén

Du6i day lahinh anh trong thuc té clia mot so loai laser khi

Céu tao Laser khi Argon-lon
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Hinh 3: mo ta cau tao cla laser khi ion Argon
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Hinh 4: hinh anh laser khi He-Ne

Bang 1 liét ké mbt s6 laser khi véi cac budc song hoat dong clia n6

‘Wavelength in Wavenumber in Typical Power
Laser Air (nm) Air (em™ 1) (mW)
Ar-ion” 351.1-363.8 (UV) 28,481.9-27,487.6 100-400
454.4 (blue-violet) 22,002.1 120
457.9 (blue—violet) 21,838.8 350
465.8 (blue) 21,468.4 200
472.7 (blue) 21,1551 300
476.5 (blue) 20,986.4 750
488.0 (blue) 20,4918 1,500
496.5 (blue—green) 20,141.0 700
501.7 (green) 19,9322 400
514.5 (green) 19.436.3 2,000
337.4 (UV) 29,638.4 200
350.7 (UV) 28,514 .4 1,200
356.4 (UV) 28,058.4 600
Kr-ion” 406.7 (violet) 24,5881 900
413.1 (violet) 24,207.2 1,800
415.4 (violet) 24,073.2 275
4680 (blue) 21,3675 500
476.2 (blue) 20,999.6 400
482.5 (blue) 20,7254 400
520.8 (green—yellow) 19,201.2 700
530.9 (green—yellow) 18,8359 1,500
568.2 (yellow) 17,599 .4 1,100
647.1 (red) 15,453.6 3,500
676.4 (red) 14,784.2 900
752.5 (near-IR) 13,289.0 1,200
7993 (near-IR) 12,5109 300
He-Ne“ 632.8 (red) 15,802.8 50
He-Cd? 441.6 (blue-violet) 22,6449 40
325.0(UV) 30,769.2 10




Bang 2: cac vach plasma ctia laser Argon -lon khong diéu huéng

Table 2-2 Some Plasma Lines from a Detuned Argon-lon Laser

Line Wavelength in Air (;\} Wavenumber in Air (em™!) Reference
1 4,545.05 22,001.96 a
2 4,579 35 21,837.16 a
3 4,589.93 21,786.82 b
4 4,609.56 21,694.04 a
3 ? 7 —
& 4,657.89 21,468.95 a
7 4,726 .86 21,155.69 a
8 4,735.93 21,115.18 b
9 4,764.89 20,986.84 b

10 4,806.047 20,807.02 b
11 4,847 .90 20,627.49 b
12 4,879.86 20,492.39 c
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 c
19 5,017.16 19,931.59 c
20 5,002.04 19,754 .88 ¢
21 5,141.79 19,448 .48 ¢
22 5,145.32 19,435.14 ¢

Bang 3: cac vach plasma cua laser Kryton -ion

Table 2-3 Some Plasma Lines from a Krypton-Ion Laser®

Wavelength in

Wavelength in

Alr (nm) Relative Intensity Adr (nm) Relative Intensity
52295 600 587.09 750
530.87 2,300 59922 1,004
333.24 2,000 624.02 T00
544.63 Q00 637,01 1,000
546.82 1,100 721.31 G0
352.29 1,050 728.98 00
556.86 1,000 T40.70 800
557.03 350 752.45 600
563.50 1,400 758,74 550
567.28 570 76013 600
568.19 3,500 T84.07 520
SHY.03 2,000 T85.48 500
575.30 1,000 799.32 700
577.14 1,700 80595 600




Bang 4: cac vach plasma cla He-Ne
Table 24 Principal Plasma Lines from a He-Ne Laser

Wavelength in Air (nm) ~ Relative Intensity ~ Wavelength in Air (nm)  Relative Intensity

638.299 53 706.519 3
640.108 =100 717.394 4
640.975 k)| 724517 5
644.472 30 728135 11
630.653 50 743,887 0.5
659.895 41 753.577 04
667815 } 01 754405 0.3
667.828 777.730 3
671.704 36 794318 0.1
692.947 19 §13.641 0.2

2.2.2 Laser mau
Laser mau dvoc dung dé maé rong khoang buwdc song dé kich thich Ramann.
Vé co ban, co ba loai laser mau:
e Laser duoc bom béi laser khi lién tuc (CW)
e laser dugc bom bang laser xung.
e laser dugc bom bang dén flash.
Hinh 5 trinh bay buéc séng cua laser mau Spectra-physics, model 375 dwoc
bom bang céc laser khi Ar valaser khi Kr

ARGON-ION & KRYPTOM-ION PLIMPED DYES {Spectra-Physics)
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Figure 2-3 Qutput powers and wavelengths obtainable from a Spectra Physics Model 375 dye
laser pumped with Ar-ion and Kr-ion lasers, (Reproduced with permission.)

Hinh 5: Bu6c séng clia cac loai laser mau

Chat mau la cac hop chat hiru co phirc tap gom mot hé thdng lién hop cé
nhanh, cdu tric hda hoc clia ching dac trwng bdi t6 hop cac vong benzen, vong
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pyridinem, vong azine... cac dung mdi thuwdng dwgc st dung la nuéc, ethanol,
toluene, glycerine...

Viéc lya chon hgp ly chat mau, dung méi sé diéu chinh buéc song laser phét ra,
cho dén nay c6 khoang 200 chat mau khac nhau dwoc st dung lam hoat chat laser
mau, Dai budc sdng cla nhitng chat mau nay trong mién 300-1300nm

DE co thé lam hep pho birc xa laser dong thoi cé thé tinh chinh b wéc sdng phat
nguoi ta thuong dwa vao budng cong huéng céac yéu to loc lva nhu : loc sang, giao
thao ké song phang, lang kinh tan sic, cach t nhiéu xa...

1996 B .M. Tissue
pump
beam

. h output
I--:@ ------ L] ﬂ ------- --
beam dye output
grating  expander cell coupler

Hinh 7: trinh bay so d6 laser mau c6 budc séng diéu chinh dwoc

2.2.3 Cac loai laser khac
Trong ph6 FT-Raman, laser Nd:YAG véi budc song 1.064 nm (CW) dugc sty
dung l1am ngudn kich thich. Laser Nd-YAG lalaser rén, lam viéc & dang song lién
tuc. Hoat chat duoc st dung la Y ttrium Aluminium Garnet (YAG_Y 3Al505,) ¢6
phatap thém 2-5% Neodym (Nd)
Pay la loai laser cho ra btrc xa déu, dan nhiét v a chiu nhiét t6t, d6 bén co hoc cao
thoi gian phuc vu cao. Co thé phat lién tuc t¢i 100W hoéc phat xung vai tan so
1000-10000Hz
Hinh bén dudi 1a so dd cdu tao cla laser Nd:Y AG duwoc kich thich bang dén flash

Nd:YAG solid-state laser
Partially
reflective

Flashiamp (pump source) mirror
] I =
Highly | | E - | b I aser
’ - — f— . Laser
o | o —— ..
| Ne: YAG crysial (laser medium) ‘

\— Optical resonator 4

Hinh 8: so d6 cau tao laser Nd:YAG
Trong ché dd xung, cac hoa tan thr hai (532 nm), thi ba (355 nm), thi tw
(266nm) dwoc sir dung cho phd Raman cong hwdng trong vung tir ngoai va phd
Raman phan giai theo thoi gian.
Béng viéc két hop cac hoa tan ndy véi cac laser mau cé thé bao phi hét toan bd ving
pho tir 185 - 880 nm khdng con mot khoang trong nao.



Bang 5: liét ké mot s6 dac trung cla laser Nd-YAG va clia mot vai loai laser khac

Table 2-5 Other Laser Lines

Laser Wavelength Type and Typical Power
Solid State Laser
Ruby 694.3nm Pulsed, up to 100 MW
Nd:YAG* 1,064nm (near IR) CW/pulsed, up to 100 MW
Diode 3,500-380cm™! (IR) CWipulsed, upto 25 W
Gas Laser
Nitrogen 337.1nm (UV) Pulsed, 100-1,000 kW
Carbon dioxide 9-11 um (IR} CWipulsed, up to 10 MW
Excimer (XeCh* 308 nm (UV) Pulsed, up to 40 MW

2.3 Kich thich mau

Do tan xa Raman rét yéu nén chum laser phai dwgc hdi tu chinh xac vao
mau vat vabirc xa tan xa phai thu nhan mét cach hiéu qua nhat. Viéc hoi tu
chum laser vao mau vat co thé thic hién mot cach dé d ang bai duong kinh cia
chum laser rat nho (c& 1mm)

Sy kich thich va thu nhan bic xa tan xa tir mau vat ¢ 6 thé dwoc thuc hién
theo mot vai ciu hinh quang hoc khac nhau, chéng han nhw cau hinh b tri cho
tan xa voi goc 90° vavéi goc 180°

T
T
2\
——
4
@,

{a) )
Hinh 9: c4u hinh tan xa 90° va 180°
C4u hinh tan xa nguoc (180°%) duoc st dung phd bién nhét vi cac wu diém sau
e Tréanh dwoc hién twong hip thu & cac mau dung dich m au.
e CAthé do tan xa Raman va hédp thu trong viing UV — kha kién mot cach dong
thoi.
e Co thé thu dwgc phd Raman don tinh thé clia cac tinh thé nhd ma chi can mot
mat t6t trén tinh thé cho mdi hwdng
e C6 thé thu duoc phd & nhiét do thap véi mau rat nho.
Tuy nhién tén xa ngwoc ciing c6 nhitng han ché, chéng han tiéng dn do su tan xa
Raman do ban than thly tinh clia I6p boc hay cuvét chira mau.




Hinh 10 m6 t& mét cau hinh quang hoc khong st dung thau kinh. N6 sé rat thuan
loi khi ti€n hanh do trong vung t& ngoai

E[]S
[

FL

Hinh 10: hé quang hoc dung dé thu birc xa véi guong thu dang elip
(FL: th&u kinh hdi tu; S: mau; ES: khe ng6 vao may don sac)

Hé théng quang hoc diing dé thu birc xa tan xa bao gdbm mot hé thiu kinh ti éu sac:
mot thau kinh dung dé thu birc xa vamot thau kinh dung dé hoi tu bic xa
Kha nang hdi tu anh sang dwoc dac trung bai s6 F

F=%

Trong d6 f: latiéu cu cla thau kinh

D: la dutng kinh cla thau kinh.
F cang nhd thi kha nang hdi tu cang 16n.
Giatri ctia F phai phu hop véi bd don séc dé thu nhan dwoc lvong anh sang nhiéu
nhat vatan dung dwoc hét kha ning clia hé céch ti trong bd don sac.
Trong quang phd Raman hién dai ngay nay dé chim laser hdi tu vao mau mot
cach chinh xac nguoi ta st dung mot co céu chinh vi cdp 3 chiéu dé dié u khién vi
tri clla mau vat. Ching tavira chinh vi tri mau vira quan sét tin hiéu Raman dé
chon vi tri t6i wu nhat ( tin hiéu I&n nhat)

D

2.4 May don sac

* May don séc don

Du6i day la so dd don gian mot may don sac don.

& vitri D lacach tt, C, E la cac gwong phan xa

Blic xa sau khi di qua khe vao B (input) sé& dén guong roi dén cach tr D, chum
birc xa sé& bi tach ra cac thanh phan don sic. Céac anh sang don sac sé duoc chinh
hwéng béi gwong E va di ra ngoai qua khe ngd ra F(output)

Thong thwong nguoi ta két hgp mot moéto bude dé lam quay céch ti, viéc diéu
chinh goc quay cla cach t&r cho ta thu d wgc bwdc séng & ngd ratheo y mudn
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Trong may don sic don kho cd thé loai trir hét anh sang khdng bi nhiéu xa matan
Xa trén bé mat cach ti

*May don sac dbi )
Anh séng tan xa Raman thuong yéu nén s bi anh séang nhiéu nay che lap. BE giai
guyét van dé nay nguoi ta dung may don sac doi nhu hinh 12

Ngo ra phu
Ngb f
ra
@ c‘l y M7 _ E M5
@ 4 _________.-—-"_'__
Ngo
vao

Ngod vao phu
Hinh 12: so d6 may don sic doi hiéu Spex, model 1403/4

Trong hé don sac doi nguoi ta ghép ndi tiép hai hé don séc gidng hét nhau,
phd 18i ra clia may don sc thi nhat duoc tan séc 1an nita bdi may don séc thi
hai. Viéc ghép néi tiép gilp tdng quang trinh, viéc tan sic trén 2 cach tir sé tang
do phan giai.

Ve ly thuyét néu loai trir dwoc quang sai , hé don séc kép cho do tan sic
gdp hai lan hé don. Bong thoi vai cach bo tri thich hop ta cd thé han ché anh
séng nhiéu
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*May don séc ba

May don sac ba c6 kha nang khir anh sang nhiéu manh hon may don sac
doi. N6 cho phép quan sat dugc cac dai Raman gan sat vach Rayleigh. Hinh 13
md ta may don sac ba hiéu Spex

i 7 QUANG PHO KE 0.5 M | Ngé ra

T eedamw |
T 3 mit

|
_— ~—— . ’t/f:”%% |
- ~ Khe vao @ ’
n__-—-—"" - quang phé k& —

—-— A —

ll_"\ S - | . — ) -_-hllj
Cdchtd . —

Téng loc

MAY BON SAC POI 0.22 M

Hinh 13: so dd méay tan sac ba Spex model 1877

Trong so do trén mot may don sac déi duoc két néi voi mot quang phé ké.
So d6 nay dung dé thu nhan céc tin hiéu Raman mdt lic nhiéu kénh. Gan day
céc hé théng Raman chét lvong cao dwoc thiét ké bang cach két hop may quang
pho6 don tang, detector CCD( charge -coupled divice) vamot vai loai bd loc c6
kha nang khr btrc xa Rayleigh véi hiéu suat cao

Giatri F ctia quang phd ké Raman duoc tinh bang phwong trinh (1) Trong
truvong hop nay tiéu cv f clia guong chuén tryc va D thwong dugc tinh nhu sau

1
7D =1L%
Trong d6 L la canh ctia cach tir hinh vudng. DBé cho F nhd thi f phai nhé va
D phai 16n
Tuy nhién do phan giai sé giam khi f nhd. Do d6 dé do phan giai tot nhat
thi D Ion, diéu nay doi hoi st dung céach tr 16n va dat tién. vi nhitng ly do trén
céc quang pho ké Raman thuong cé gia tri F khoang tir 5 dén 10
Vi du may don séc doi hiéu Spex (1403/4) c6 F=7,8 v i f=0,85m va céch
tir 6 kich thwéc 110 x110mm

*Nhiing yéu t6 &nh huwdng dén do phan giai clia quang pho ké
+ nang suat phan gidi cta cach tr
Céch tlr xac dinh do phan giai clia quang pho ké. Cach ttr c6 s6 khe ¢ ang

nhiéu trén mot milimet thi do tan sac cang 16n va do d6 do phan giai cang cao
That vay nang suat phan giai ctia cach ttr duoc tinh theo cong thirc
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R=mk.L

Nhu vay nang suat phan giai cla cach tt ti Ié thuan véi
e k: hang s6 céch tir ( s6 vach trén mot don vi chiéu dai, hay s6 vach
khac trén 1mm)
e m: sO bac clia cach tr, bac phé cang cao thi do phan gidi cang cao
e L:chiéudai cla cach tl
Do céc phé ¢ bac cang cao thi cwdng do cang nhd (phd bac 1- van nhiéu
xa bac 1 thi tap trung 70% nang lwgng) nén thong thwong ngudi ta dung pho
bac 1, hoac bac 2
Dé dd phan giai cao thi phai st dung céch tr c6 chiéu dai L 1¢n vahang s6
cach ttr k 16n nhung viéc tang chiéu dai L chi gigi han (dai nhat 1a 15cm)
Nhu vay dé ting dd phan giai thi phai tdng hang s6 k (ttc 1a ting s6 vach
trén 1mm)
Sy mat mét tin hiéu do ting do phan giai cé thé b lai bang cach ting do
rong khe.
Vidu: st dung cach tir voi 1800khe/mm, may don sic doi Spex (1403) ¢
thé bao viing phé tir 31000cm™ dén 11000cm™. Tuy nhién néu dung céch ti co
mat do khe cao hon (2400 va 3600 khe/mm) thi khodng phd nay bi giam di

+Anh huéng clia do rong khe vatéc do cla cach tir

D0 rong khe vatdc do cta cach tir trong may don sac ( khoang céch gitra
cac diém lay dir liéu) larat quan trong dé thu duoc phé c6 dé phan gidi cao.

Si anh hwdng cla sy thay déi do rong khe (SW) dwoc minh hoa nhu hinh
dwoi 14a). O d6 dai phd duoc quét & cac dai qua ( bandpass BP) 1,2,3 vadcm™

Do cudng do tin hiéu i 18 thuan véi Py x SW?

(Trong do6 P, - cdng suét laser va SW - do rong khe)

Nén khi tang do rong khe SW thi cwong do tang, vi vay cwong do tin hiéu
s8 duoc diéu chinh cho thich hop bang cach ha tir tir cong suét laser P,

Sv &nh hwédng clia téc do cach t minh hoa trong hinh 14b). T6c do quét
qué nhanh s& lam bién doi dang phd. Mot cach don gian dé kiém chirng diéu
nay laghi phd & téc d6 quét thap véi nhitng khodng céch lay phd nhdé vaxem
xét s thay doi clia hinh dang céc dai phd
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Atfern-1
Hinh 14: Ph6 Raman ctia CCl4 (budc song kich thich 488 nm) & cac diéu kién khac
nhau bang may don séc doi Spex 1403 vai cach tir 1800 khe/m m va nhan quang
Hamamatsu R 928
A)Anh hudng clia Bandpass (véi khodng cach giita cac diém Iy dit lieu 0,2 cm ™)
b) Anh hudng ctia khodng céch gitta cac diém |4y dif liéu (véi BP a1 cm™)

Ngoai rakhe ho ctia cac banh rang ctia bo phan ghi budc song cling 1a mot vén deé kho
khan khi ghi ph6. Van dé cudi cung lanén gilr nhiét do6 may don sac khong ddi khi ghi
phd. Vi vi tri dai ph6 cd thé thay dbi theo nhiét do dén 3cm ™
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