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Cau 1: hdy néu nhitng bo phan chi yéu clia quang phd ké Raman
Quang pho ké Raman goém 5 bd phan chi yéu:

> Nguon kich thich phd Raman, thvong la Laser lién tuc (CW).

> He théng chiéu mau va hé thdng thu nhan cac anh sang tan xa.

> B0 phan gir mau.

> May don sdc hodc may quang phé.

> Heé thong do bao gom detector, may khuéch dai v athiét bi hién thi tin

hiéu.
Hinh 1 minh hoa so do lap d&t dién hinh clia cac thanh phan trén. Hién nay
nhiéu quang phd ké Raman duoc thiét ké theo mé hinh nay
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Figure 2-1 Schematic diagram of the major components in a Raman Spectrometer. (Repro-
duced with permission from Ref. 1.)

Hinh 1: so d6 mdt hé théng Raman tan sic dién hinh
Trong nhitng ndm gan day nguoi ta 1ap 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)



Cau 2: Hay néu mét sb loai ngudn kich thich? : tai sao laser dc chon I am
nguon kich thich?

4 Ngudn kich thich thuong 1a céac loai laser lién tuc (CW) chang han
nhu :
e Ar"(351,1- 514,5nm)
e Kr*(337,4- 676,4nm)
e He-Ne(632,8nm)
thuwong str dung trong phd Raman
Gan day cac laser xung chang han nhw Nd:YAG, diode, va laser excimer d&
duoc str dung cho phé Raman cong hwang UV va phé Raman phéan giai theo thoi
gian
*
% Laser languon kich thich i twdng cho phé Raman chu yéu do cac
dac tinh sau:
Nhirng wu diém ctia chum laser
> Cong sudt I6n, cac vach don cua laser CW c6 thé dé dang dat cong suét 1-
2W con laser xung ¢é thé cung cap dong dién cuc dai 1én dén 10-100W
> Chum laser c6 do don sé&c cao. (vi du: do rong ctia laser Ar* IaO,lcm'l)
> Chum tialaser thi c6 ban kinh nhd (1-2mm) va cé thé gidm xudng con
0,1mm bang cach st dung hé thiu kinh don gian. Do d6, toan bd thong lwong birc xa
clia ngudn kich thich cé thé hai tu | én mau kich thudc nhd, rét thuan loi trong viéc
nghién ctu céc chdt 1dng c6 thé tich rat bé (c& pul) vacac tinh thé (c& 1mm?)
Trong quang phd micro-Raman ngudi ta cd thé nghién ctru cac mau nhé c6 béan kinh
cd 2 um
» Chum tialaser thi hau nhu 1a phan cuc hoan toan, do d6 no rat ly twéng cho
viéc do ty s6 phan cuc
> C0 thé tao nhitng chim laser c6 khoang thay d6i budc song réng bang cach
sr dung laser mau va cac thiét bi khac

Cau 3: Néu y nghia gdc brewter trong cdu tao cla laser, goc n ay co lién quan gi
dén viéc do phd raman

% Khi do ty s6 phan cuc ching ta can 1 nguodn kich thich phan cuc ho an
toan

+ Hai clra s6 Brewster nghiéng mdt goc 8 dwoc xac dinh dinh bdi tg 0
=ntrong do n la chiét suét clia vat liéu lam clra s0. d6i v&i thach anh
trong viing kha kién thi 8 =55,6°. & g6c Brewster chum racla laser
hau nhu phan cuc hoan toan theo mét phuong c6 dinh



Cau 4: néu cac cau hinh tan xa raman. Tai sao cau hinh tan xa nguoc
thuong dc chon?

Do tan xa Raman rat yéu nén chum laser phai dwoc hdi tu chinh xac vao
mau vat vabirc xa tan xa phai thu nhan mét cach hiéu qua nhat. Viéc hoi tu
chim laser vao mau vat co thé thuc hién mot cach dé d ang bdi duong kinh cla
chum laser rat nhé (cd 1mm)

Sy kich thich va thu nhan bic xa tan xa tir mau vat c6 thé dwoc thuc hién
theo mdt vai cau hinh quang hoc khéc nhau, ching han nhw cdu hinh b tri cho
tan xa voi goc 90° vavéi goc 180°
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Hinh 9: c4u hinh tan xa 90° va 180°

C4u hinh tan xa nguoc (180°%) duoc st dung phd bién nhat vi cac wu diém sau

e Tranh dwoc hién twong hdp thu & cac mau dung dich m au.

e COthé do tan xa Raman va hap thu trong vung UV — kha kién mot cach dong
thoi.

e COthé thu dwgc phd Raman don tinh thé cla céc tinh thé nhé ma chi can mot
mét t6t trén tinh thé cho moi hudng

e CO thé thu dugc phd & nhiét do thap voi mau rat nho.

Tuy nhién tan xa nguoc ciing c6 nhitng han ché, chéng han tiéng 6n do su tan xa

Raman do ban than thly tinh clia I6p boc hay cuvét ¢ hira mau.

Hinh 10 m6 t& moét cau hinh quang hoc khong st dung thau kinh. N6 sé rat thuan

loi khi ti€n hanh do trong vung t& ngoai
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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)

Cau 5: cac May don séc. tai sao can c6 may don sic doi va ba

* May don séc don




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

& vi tri D lacach tt, C, E la cac gvong 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. Cac anh sang don sic sé duoc chinh
hwéng béi guong E va di ra ngoai qua khe ng d ra F(output)

Thong thwong nguoi ta két hop mot moto bude dé lam quay céch ti, viéc diéu
chinh géc quay cla cach t& cho ta thu d woc bwéc séng & ng ratheo y mudn

Giai thich ly do

Trong may don sic don kho co thé loai trir hét anh sang khong bi nhiéu xa
matan xa trén bé mat cach ttr

Anh sang tan xa Raman thwong yéu nén s bi anh sang nhiéu nay che &p.

DE giai quyét vén dé nay ngudi ta dung may don sac doi nhu hinh 12
Ngo ra phu

Ngo
ra

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



Trong hé don sac doi nguoi ta ghép ndi tiép hai hé don séc gidng hét nhau,
phd 16i ra clia may don sac thir nhat dwoc tan sic 1an niva bdi may don sac thir
hai. Viéc ghép ndi tiép gilp tang quang trinh, viéc tan Sic trén 2 cach tir sé ting
do6 phéan giai.

Ve ly thuyét néu loai trir dwoc quang sai , hé don séc kép cho do tan sac
gap hai lan hé don. Dong thoi véi cach bo tri thich hop ta c¢é thé han ché anh
séng nhiéu

*May don sac ba

May don s&c ba c6 kha ning khir 4nh sang nhiéu manh hon may don sic
ddi. N6 cho phép quan sat dwgc cac dai Raman gan sat vach Rayleigh. Hinh 13
md t& may don sac ba hiéu Spex
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Hinh 13: so d6 may tan sic ba Spex model 1877
Trong so dd trén mot may don sac doi dwoc két néi véi mot quang phd ké.
So d6 nay dung dé thu nhan céc tin hiéu Raman mot lic nhiéu kénh. Gan day
céc hé thdng Raman chét lvong cao duoc thiét k& bang cach két hop may quang
ph6 don tang, detector CCD( charge -coupled divice) vamot vai loai bd loc co
kha nang khtr birc xa Rayleigh v6i hiéu suat cao

Cau 6: mot vai théng so can lvu y

Hé théng quang hoc ding dé thu birc xa tan xa bao gdm mot hé thiu kin h tiéu sac:
mot thau kinh dung dé thu birc xa va mot thau kinh dung dé hoi tu bic xa
Kha nang hoi tu anh sang dwoc dac trueng béi s6 F

F=%

Trong d6 f: la tiéu cu cla thau kinh

D



D: la dwong kinh cla thau kinh.
F cang nho thi kha nang héi tu cang 1on.
Giatri ctia F phai phu hop véi bd don séc dé thu nhan dwoc lwong anh sang nhiéu
nhat vatan dung dwoc hét kha ning clia hé cach ti trong bd d on 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 cau chinh vi cap 3 chiéu dé diéu khién vi
tri clla mau vat. Chung ta vira chinh vi tri mau vira quan sat tin hiéu Raman dé
chon vi tri t6i wu nhat ( tin hiéu I&n nhat)

Giatri F clia quang phd k& Raman dwoc tinh bang phwong trinh (1) Trong
trwong hop nay tiéu cy f clia guong chuén tryc va D thwong dugc tinh nhu sau
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Trong do L la canh cla céach tr hinh vuong. D€ cho F nhd thi f phai nhé va
D phai I¢n
Tuy nhién do phan gii sé giam khi f nhd. Do dé dé do phan gidi t6t nhat
thi D 16n, diéu nay doi hoi st dung cach tir 16n va dt 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 sac dbi hiéu Spex (1403/4) c6 F=7,8 v&i f=0,85m v a céch
tr c6 kich thwéc 110 x110mm

Cau 7: Nhirng yéu t6 anh hwdng dén do phan giai ctia quang pho ké

+ nang sudat phan gidi clia cach t

Céch tlr xac dinh do phan giai clia quang pho ké. Cach tir 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 sudt phan giai clia cach tir dwgc tinh theo cong thirc

R /:
dA
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R=m.k.L

Nhu vay nang suat phan giai cla cach t ti 1é thuan véi
e k: hang s6 céch i ( s6 vach trén mot don vi chiéu dai, hay sd vach
khac trén 1mm)
e m: sO bac cla céach t&, bac phd cang cao thi d6 phan giai cang cao
e L:chiéu dai cla cach tir
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
DE do phan giai cao thi phai st dung céch tir c6 chiéu dai L |¢n vahang s6
cach tlr k 1én nhung viéc tang chiéu dai L chi gi¢i han (dai nhat 1a 15¢cm)



Nhu vay dé ting do phan giai thi phai ting hang sé k (ttrc 1a ting s6 vach
trén 1mm)

Sy mat mét tin hiéu do tdng do phan giai co thé b U lai bang cach ting do
rong khe.

Vidu: sk dung cach tir vai 1800khe/mm, may don sac doi Spex (1403) co
thé bao viing phé tir 31000cm™ dén 11000cm™. Tuy nhién néu duing céch ti co
mat do khe cao hon (2400 va 3600 khe/mm) thi khoang phd nay bi giam di

+Anh huéng clia do rong khe va téc do clia cach tir

Do rong khe vatéc do clia cach tr trong may don sac ( khoang cach gitra
cac diém lay dir liéu) larat quan trong dé thu dwoc phd c6 dé phan gidi cao.

Su anh huéng clia sv thay doi do rong khe (SW) dwoc minh hoa nhw hinh
dwoi 14a). O d6 dai phd duoc quét & cac dai qua ( bandpass BP) 1,2,3 vadcm™

Do cudng do tin hiéu i 1& thuan véi Py x SW?

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

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

Sv anh hwdng clia téc do cach t minh hoa trong hinh 14b). T6c do quét
qua nhanh sé lam bién doi dang phd. Mot cach don gian dé kiém chirng diéu
nay laghi pho & toc do quét thap véi nhitng khoang céach lay phd nhd vaxem
xét sy thay ddi clia hinh dang céc dai phd
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Hinh 14: Phé Raman clia CCl4 (bwdc song kich thich 488 nm) & cac diéu kién khac
nhau bang may don s&c doi Spex 1403 vai cach tir 1800 khe/mm v & nhan quang
Hamamatsu R 928
A)Anh huwéng clia Bandpass (véi khodng cach gitra cac diém lay dit lieu 0,2 cm™)
b) Anh hudng ctia khodng céch gitta cac diém |4y dif liéu (v&i BP a1 cm™)



Ngoai rakhe ho clia cac banh rang ctia bd phan ghi budc séng cting 1amot vén deé kho
khan khi ghi pho. Van dé cudi cung lanén git nhiét do may don sac khoéng doi khi ghi
ph6. Vi vi tri dai pho c6 thé thay d6i theo nhiét do dén 3cm ™

M6t s6 cau hoi khi tl bao céo
cau 8. Cac dac diém cua laser 5 dac diém, tai sao sw phat trién cdia nguon kich
thich va thiét bi thu lai day manh sw phat trién cia quang ph6 hoc raman, tai sao
dung laser ?

tra 10i
5 déc diém

£ CoOng sudt I6n, cac vach don ciia laser CW c6 thé dé dang dat cong suét 1-2W
con laser xung c6 thé cung cép dong dién cuc dai 1én dén 10-100W

% Chum laser c6 d6 don sic cao. (vi du: do rong clia laser Ar+1a0,1cm-1)

# Chumtialaser thi ¢6 ban kinh nho (1-2mm) vaco thé giam xudng con 0,1mm
bang cach st dung hé thau kinh don gian. Do do, toan bd thong luong birc xa
clia ngudn kich thich cé thé hdi tu 1 én mau kich thwdc nhd, rt thuan loi trong
viéc nghién cltu cac chat 1dng c6 thé tich rat bé (c& pl) vacéactinh thé (co
1mm3)

% Trong quang phd micro-Raman nguoi ta ¢ thé nghién clru cac mau nhoé c6 ban
kinh c& 2 um

# Chum tialaser thi hau nhu la phan cuc hoan toan, do do né réat ly twdng cho
viéc do ty s0 phan cuc

# CO thé tao nhitng chum laser c6 khoang thay d6i budc song rong bang céach st
dung laser mau va cac thiét bi khac

Cau 9: . Tai sao khog tang so bac cach tlr dé tang do phan giai
Taco
R=mkL

Nhu vay nang suat phan gidi ctia cach t ti I& thuan voi

k: hang s6 cach tir ('s6 vach trén mot don vi chiéu dai, hay s6 vach khic trén
1mm)

m: sO bac cua céch tt, bac phd cang cao thi do phan giai cang cao

L: chiéu dai cua cach tw

Vi bac 1 chiém 90% nang lwgng
10% con lai chia déu cho cac bac khac nén néu chon bac cao cwong do ratyéu pho sé
mo

Cau 10:. vat liéu cau tao nén cac thiét bi may quang pho c6 anh hudng gi dén
may quang phd hay ko

Co, chon vat liéu ko hap thu anh sang can nghi én ctru, khéng phat huynh quang, ko bi
thay doi bai anh sang kich thich laser...



Vi du: khi nghién clru pho tir ngoai thi ko dung thau kinh thdy tinh vi thay tinh hap thu
anh sang tir ngoai ma phai dung thach anh

Cau 11. cac guong trong may don séc

Can chl'y guong tric chuan va guong budng

Guog truc chuan cho chirc nang bién chim anh sang tan xa thanh chum song sogn di
dé cach tir

Guong budng c6 chirc nang hdi tu chum tia

Mot sO cau héi soan ctia k18
1 Cho biét 2 yéu t0 chinh thuc day ky thuat Quang pho Raman phat trién .

K§ thuat Quang phd Raman chi dwoc phat trién khi:

+ Nguon kich thich phat trién. Hién twong tan xa Raman dwgc Chandrasekhra
Venkata Raman phat hién vao nam 1928 nhuvng mai dén nam 1960, khi ngudn sang
laser ra doi, nd méi dwoc quan tdm vao phét trién. Khi st dung anh sang laser lam
nguodn kich thich, tan xa Raman phét ra c6 ¢ wong do Ién di dé co thé ghi nhan duoc.
Mt khac, voi kich thich bang laser, hién twong huynh quang do cac dich chuyén dién
tr (chiing che phd Raman) dwoc loai trir dang ké.

+ May don sic, detector va may tinh dién tlr phat trién. Cuing véi sw phat trién
clia ngudn sang kich thich, su phat trién clia cac thiét bi khac trong hé do quang ciing
déng gop mot phan khong nhd vao si phat trién clia k¥ thuat Quang phd Raman. May
don s&c quyét dinh do phan giai clia phd. Bd phan chinh clia may d on sic 1a céch ti.
Céach tlr c6 mat do vach cang Ién thi cho do phan gidi cang cao. Detector cho phép ghi
nhan tin hiéu quang vachuyén doi tin hiéu thanh tin hiéu dién. Do nhay cla detector
cang cao cho phép tin hiéu nhirng tin hiéu quang cang nhd. Cudi cuing, may tinh dién
tlr cling lamot bd phan quan trong, gitip x ly, hién thi ph ciling nh v céc thao tac tiy
chon khéac, gitip cho viéc phén tich phd dé d ang, nhanh chdng.

2 Khi ban chon mua mot may do Quang phd Raman, tiéu chi dau tién clia ban la
gi?

Tiéu chi dau tién khi chon mua mot may do Quang pho Raman | a do phan giai
clia may, ttrc lakhoang cach nho nhat gitra hai dinh pho gan nhau nhat m a méy con ¢
thé phan biét duoc. Do phan giai ciia may do bd phan ¢ &ch tlr clia may quyét dinh.
Céach tlr c6 mat do khe cang 1én thi s8 cho dd phan giai cang cao.

3. Tadabiét cach tir c6 mat do khe cang Iédn thi s8 cho dd phan giai cang cao. Vay
bé rong cda khe c6 gay anh huwang gi dén pho thu dwoc hay khong?

C6. Bé rong khe cang nho thi s& cho d6 phéan giai phd cang tét nhung bu lai
crong do pho sé cang nhd. Con néu bé rong khe cang I6n thi s& cho cwong dd phd
cang |&n nhung dd phan giai pho sé cang nhd. Trong qua trinh ché tao cach tl, nguoi
ta ludn quan tam dén 2 yéu td nay vatly vao tirng (ng dung cu thé, ngwai ta sé cd
nhi*ng théng s6 ché tao t6i uu.

4. Pho quang hoc ctia mdt may quang phé bat ky thay doi thé n ao khi nhiét do
moi trwong thay doi?



Khi nhiét d6 méi trudng thay déi, chang han khi nhiét do tang, néi chung, mau
vat va céc thiét bi trong may quang pho déu bi gi dn nd, vi vay, phd ghi nhan duoc
cling sé bi thay doi. Cu thé latoan bd pho sé bi dich chuyén vé phia b wéc séng dai.

Vi du cach tir c6 khe rat nho, bé mat cach tL’f] am tlr nhdm tinh khiét 99,9% nén chi can
1 sy gidn né rat nhd sé lam thay doi su tan sac

10



