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QUANG PHO RAMAN TACH NEN
(MATRIX - ISOLATION RAMAN SPECTROSCOPY)

Hién nay dung phuong phap phan tich ph6 dé nghién clru cac thanh phan héa hoc, cac
tinh chét héa hoc clia mau , nghién clru bé mét mau ....trd nén phd bién. Van dé datrad
day la muén nghién ctru tinh chat clia cac loai hop chat kém bén hodc khong thé ton tai
trong diéu kién binh thudng (cac loai ion va goc tv do hoat dong manh.... ) thi nguoi ta
phai dung Ki thuat tach gocion, goc tw do ....ra khéi hop chat sau dé6 méi cé thé ap dung
cac phuong phéap do va phan tich phé théng thwong. Ki thuat tach mau do 1a matrix -
isolation ( Ml ).
A.KTTHUAT M

I.LICH SU : Ra doi tlr ndm 1954 trong phong thi nghiém Pimentel, ki thuat nay duoc phét

trién chl yéu bdi Pimentel va céc cong su.
II. NGUYEN LY CHUNG :
Trong phuong phap nay, mau & thé khi va chét nén 1a khi tro ( Ar hay Kr .....) duoc

tron 1an véi nhau valang dong trén 1 clrasé mau trong sudt dugc lam lanh dén 10 - 20K
bang may diéu nhiét . Khi tron [an véi ti [& 1: 500 hay cao hon, cac phan t& mau dwoc téch
|an nhau hoan toan trong chét nén khi déng lanh.

L Gic ndy bén trong gi ira céc phan tir khdng co sir twong tac 1an nhau (vi bi cd 1ap boi

khi nén ) méc du cé si twong tac rét yéu qualai gittakhi mau va khi tro. Mau hoan toan bi

Tilé 1: 500 Cilra sb chira mau Céc phéan t&r khi mau bi
- (1am lanh téi 10K) cd 1&p voi nhau trong khi
nén.

Chat nén
( chat khi




- D6i voi mau (6 phakhi) : C6 nhiéu cach tao mau & phakhi .

e Mau co sin & dang khi ( khi clo, khi oxi...)

e MauPAH ran thang hoa khi cd nhiét do phu hop.
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- B0i voi khinén : Co nhiéu loai khi c6thé dong lanh ( ngung tu) & nhiét do thdp lam

khi nén tot nhv : N, CO,, N,O, CHy .....nhwng cac loai khi nay cd thé twong tac véi khi
mau nén rét it khi dung. Hién nay céc loai khi ding lam khi nén phé bién nhw céc loai

khi tro : Ar, Ne, Kr, Xe.....o&i vi chiing c6 vu diém 13 khong twong tac véi khi mau.

Cac phwong phap tao mau:

C6 hai phuong phap chinh dé t6ng hop cac phan tir mau Ml :
Sv tao thanh bén ngoai vatong hop bén trong.
Tuy theo yéu cau nghién clru mata cé thé sir dung mot hoac két hop cac phurong

phép nay vGi nhau.

Cac phan tir ¢ pha khi tw Cac phan tir ¢ pha khi

cac hon hop, dwoc lang dwoc tao boi cac phan itng
dong vor mot lwong dw hoéa hoe, dwoc lﬁng dong
khi nén. véilwong dw khi nén

suctae thanh ben neoi

Tong hop ben trong

Cac phan vng hoa hoc

, o .y Sw quang phan cta cac
tire thoi trong chat nen. '

t1én chat tach nén

Phuong phap tong hop cac phan tr mau MI

Hién twong quang phan : su bé gdy lién két trong hop chat ban dau khi cé anh sang kich
thich.

Ultraviolet photons

Methane Methyl Hydrogen

Photolysis

(above 60 km)




Trudc hét latao mau M1 bang phuong phép laser quang phan. M au qua qua trinh quang
phan bi bé gy lién két vabi co lap trong khi nén. Sau do6 dung chinh laser dé kich thich

mau vathu phé.

v Céc mau MI duoc tao thanh sau d6 co thé dwoc tham do bdi bét ky k§ thuat quang
phd nao nhu:
« Quang ph6 héng ngoai,Raman .
* Pho hdp thu tiaUV-kha kién.
* Pho huynh quang cam (ng laser.
» COng hudng spin dién tr .
* Pho Mosshaver.

Ung dung :
e KT thuat ndy cd thé gilp bao quan mau trong thoi gian dai.
e Thich hgp nghién clru cac loai ion vagdc tw do hoat dong manh khé cé thé tao
ravaduy tri & phakhi.
e KT thuat ndy c6 thé &p dung vai chat ran mién landé co thé dwoc hoa hoi ma

khong bi phan hay.



[1l. THUC NGHIEM :

v Truéc tién, cac clra sO mau dwoc két véi mot dén dong hidro phét ra

lam lanh dén 10 K (4 K cho chét vi song.
nén neon) va dugc dat déi dién véi
nhitng truc tia clia quang pho Ké,
noi mot phd nén clia bé mat trong
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dugc ghi.

v Sau d6, clra sO dugc quay doi dién

vGi cac cdng lang dong mau. Hoi
PAH durgc tao ra bang cach thing
hoa cliamdt mau PAH rén duoc dat

trong mot 6ng nghiém pyrex .Céc

| Sample Deposition Configuration

dong khi tro di vao hé thong théng

qua mot cong lién ké. Hai ludng

Transparent

hoi lién hiép va dong bang trén bé e
mat cla clra sO lanh. Sau khi mot /
lvong phu hop cla mau da duoc ﬂ
lang dong, 16p nén dwoc quay trd .

vé vi tri dau tién va phd cla né

dwgc ghi lai va dwgc truyén dén

quang phd nén.

Spectrum Collection Configuralion

v DOi vbi cac nghién clru quang pho
cla cac loai duoc tao ra béi quang
phan bang tia t&r ngoai,cac 1Gp nén
sau do6 co thé duoc quay dé doi

dién v&i mdt cong tht ba dwoc gan
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B.PHO RAMAN CUA MAU MI

La phé Raman thu dwoc tir mau Ml.

Thiét 1ap thi nghiém quang phd Raman téch nén vé co ban gidng nhu quang pho
hong ngoai. Sy khéc biét chinh nam & hinh dang quang hoc.

Hinh dang tan xa nguoc phai dugc thie hién trong quang phé Raman khi khi nén va
mau bdc hoi duoc lang dong trén 1 bé mat kim loai lanh (Cu, Al).

Hinh bén duéi cho thdy si b6 tri dung cu thi nghiém.

Thiét bi :

Spectro-
photometer




So do hoat dong clia thiét bi do phd Raman cong hwdng tach nén

Trong do :

1 : 16p boc ngodi bang thiy tinh 8 :16p bao ngoai bang thay tinh chiu nhiét
2 : lanhém 9: thanh chi phét ratialra

3: hé thdng lam lanh 10 : 6ng mao dan chiramau

4 : duong dan khi 11: guong nhd

5 : man bang thép 12 : thau kinh hinh try

6 : dau nhon duoc lam lanh 13: thau kinh hoi tu

7: tdm bdo vé khoi sy phét xa

Hoat dong :
O day, hé cac guong, thau kinh11, 12, 13 duoc b tri theo kiéu hinh hoc cho tén xa

nguoc.

Pau tién, khi chua ¢ mau, phd bé mt tréng dwoc ghi.

Sau d6, man sd 5 dwoc quay sao cho chan ngay dwdng truyén quang & dau do
6 téi méy quang pho.

Mau chtratrong 6ng s8 10 dwgc hoa hoi nho thiét bi s6 9, sau d6 hoi nay dugc
phun téi dau do lanh 6.

Cung ldc dé, khi nén cling dwgc phun vao qua dwong sb 4.

Hai khi nay lién hop va dong bang trén dau so 6.

Sau d6 man 5 duoc quay di, mau IGc ndy s& nam ngay trén dudng truyén
quang hoc téi may quang phd, phé Raman clia né sé duoc ghi lai vacho ta

thong tin can thiét.
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- Phd Raman thwong cé cwong do yéu kho quan sat néu tang cwong do laser kich thich
thi ph6 dé quan sat hon nhung diéu ndy 1am nhiét do budng mau ting 1én do hiéu
(rng nhiét clialaser vagay rasu khuyéch tan clia cac phan tir khi nén va phét huynh
quang . Nén phd Raman phai dvoc quan sat & dang cong huwdng .
- Raman cong huéng
% Hiéu (ng RR xay rakhi tan s6 laser kich thich dwoc diéu chinh sao cho bang
v0i cac tan sd clia céc trang thai dién tir kich thich . Khi dé cwong d6 clia phod
Raman duwgc tang Ién réat nhiéu (gi¢i han tr 1000d€n 1000000) . Tuy nhién cac
dai cia phd Raman ty phét thi lai khong dwoc tang.
< Do do laser c6 thé thay doi tan s6 dwoc sir dung rét phé bién . Tham chi khi
tan sO clia laser khong dat dén céc trang thai dién tt bi kich thich mot cach
chinh xé&c thi si tang ctatinh hiéu Raman ciing xay rarét dang ké
- Chét lvgng pho thu degc phu thudc nhiéu yéutd : nén chuén bi (nén cang sach thi pho
thu dwgc cang tét nhung qué trinh chuén bi t6n nhiéu thoi gian), khi miu, cach b6 tri vatién
hanh thi nghiém, ti I& phan cwc clia nguyén tir mau, nhiét do nén......
- Chat tap nén hay tap chét dau do quatrinh bom c6 thé gay rakhuyéch tan vaphéat
huynh guang.

Tuy nhién phé Raman van thuan lgi hon phé hong ngoai.

*Ung dung:
Pho MI da duwoc sir dung rong réi cho cac nghién clru trong hda hoc vavat ly sau day:
e Gibng voi (rng dung ctia phé MI, dac biét 1a ding nhiéu trong ITnh virc héa vo co,
nghién ctru céc loai ion, gdc tw do.(vd:Nghién clru phd Raman clia sdn pham phan
(ng gitta kim loai kiém v&i nguyén tir halogen trén nén khi tro (Andrews va cac
cong su)
e Cdu tao (conformations ) trong phan t .
e Tuwong tac yéu gilra cac phan ti.
e Céc yéu td héahoc va cac phan rng & nhiét do cao, (*ng dung trong nganh hat
nhan va nghién ctru khdng gian.
e Cac co ché phan rng .
e ng dung trong phan tich.
C. UNG DUNG PHO RAMAN TACH NEN



Yng dung 1:

Andrew va cac cong st da nghién cru phdé hong ngoai va phd raman ctia san pham ctia kim
loai kiém va nguyén tir halogentrén nén khi hiém.

Cho hoi nguyén tir Cs( Cslakim loai kiém) phan &rng v6i Cl, trén nén khi Ar (tilé
1/100) dé san xudt Cs'(Cl,)".

lon ( Cl,)” hap thu t6i da & gan buéc séng 365nm dén 500nm vi vay & day dung vach
457,9nm clalaser ion Argon ( cong suat 75mW- cong suat ¢& nay duoc xem lanho ) DE thu
duoc phd raman cong hwang tang cwong dao dong ctiaion (Cl,) ™ .

Hinh 3-28 cho thdy ph6 Raman claion (Cl,)” & vach co ban vacéc hoatan.
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Figure 3-28 Resonance Raman spectrum of mattx-trapped Cs+ Clp (75 mW, 457.9 nm excita-
tion), (A) 0.3 = 107 A range, 3-5 rise time; (B}L] = 10°% A range, 10-s rise time (reproduction
with permission from Ref, 96, Copyright 1975 American Chemical Society.)

- Gdm vach co ban & 259cm™ | theo sau 1a chudi dai cac hoatan, & day c6 8 hoatan.

- Cuong do cac hoatan giam theo chiéu tang cliatan so hay giam theo chiéu tang cta
bac hoatan.
Duavao viéc quan sét cac tan sd clia cac ddy hoatin nguwdi ta tinh toan dwoc hang s dao
dong phi diéu hoa va nang lvgng phan gidi clia nguyén ti.

Chay : Nguyén nhan xuat hién cac hoatan lado cac phan tir dao dong theo thé Morse.



Céac hat tap trung nhiéu nhat & trang ! ' Continuum
:131 - fF—1

thai co ban v = 0 vakha nang dich

chuyén lén mirc v = 1 lanhiéu nhat nén

crong do lon. Sy dich chuyén dé goi la

Energy

dich chuyén co ban (Av =+ 1).

Céc dich chuyén thod man Av = + 2, +

3,...it xay ra hon nén cuwong do yéu hon

goi la cac hoa tan.

Internuclear Distance

Figore 16 Potential energy curve for a diztomic molecule. Solid line indicates a Morse potential
that approximates the actual potential, Broken linc is a parabolic petential for 3 harmonic
ascillator, O and Dy are the theoretical and spectroscopic dissociation energies, respectively.

Ungdung 2:

Nghién clru nhitng mau chat khdng bén hay kho tao ra & diéu kién thuwong..

Do pho ctia Fe ( TPP- dg : dialogue of tetraphenyl porphynirato anion ) véi O,
e & nhiétdd 30K .
e nguon laser ion Kr bwéc sdéng |a 406,7nm.

e thay ddi cong suét cla laser ta thu dwoc phd nhu hinh bén dudi.

INTEMSITY

V6i sit oxit co dang cAu tric loai end-on vaside-on



Dang end-on nhu hinh vé
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End-on
Gifra 2 nguyén t& O v6i nhau O-O & 1195cm™
GittaFevaO,: Fe-O, & 508cm™
GittaFe-0-0 : 345 cm™®

Dang side —on nhv hinh vé
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Side-on Tathdy co khéc lachi ¢ 2 dao dong :
Gira 2 nguyén t& O v6i nhau O-O & 1195cm™
GittaFe-O: & 407 cm™

Nhirng dai pho noi trén ta quan sat duoc trén hinh trén khi dung cong suét laser 1a 0,2mwW
Céc day con lai laphd clia cac dong vi ciaFeva O, .
Nhéan xét :
e Khi tang dan cong suat tat ca nhitng vach dandi ¢ trén yéu dan vabién mat hoan
toan khi tang cong suat 1én 8mw.
e Nguoc lai, & vach 815 cm™ va853 cm™ , ban dau khi cong suét 12 0.2mW cuong do
ph6 yéu, khi tang cong suét thi cwong do pho lai tang 1én.
e Riéng & vach 815 cuong do tang dan & A,B,C nhwng yéu dan vamat di tir C sang D
(sw yéu di cliavach 815 khi tir hinh C sang D duoc gidi thich lado khi cong suét laser

|én lam chuyén tir dang goc lién két 1-cation sang non - J1 —cation ) .



HIGH - PRESSURE RAMAN SPECTROSCOPY
PHO RAMAN AP SUAT CAO

Nhirng vat chat va khoang chat & sau trong long trai dat va trén cac hanhtinh [én c6 ap
suat va nhiét do rat cao (16p v & sAu bén trong long trai dat co thé 1én dén cd mégabar
va nhiét d6 khoang 3000 K dén 4000 K ).

Mudbn nghién ctru vat chat va khoang chét & trén thi viéc dwa nguoi va may méc xudng sau
trong long tréi dat hoac Ién cac hanh tinh dé nghién ctru la rat kho khan, ton kém va co khi
la diéu khong thé.

Dé co thé nghién clru vat chat va khoang chat trong phong thi nghi ém & diéu kién giong nhw
trong long trai dat hay trén cac hanh tinh thi chiing ta phai dung dung cu tao ra ap suat va
nhiét dé cao la diamond anvil cell ( DAC ).

I.DUNG CU TAO AP SUAT DAC :

1. Cautao :

Thiét bi do ap suat cé thé la 1 bubng pittdng-xilanh hodc 1 DAC (diamond anvil cell: budng
dau do bang kim cuong). O day ching ta xét dung cu DAC.



a. Chi tiét mat cat ciia dung cu DAC dau tién:
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Figure 3-1  Diamond anvil high-pressure cell. (a) Detail of diamond cell. (b) Side view. {¢) Front
view, A and B, parts of piston; C, hardened steel insert; D, presser plate; E, lever: G, screw; H,
calibrated spring. {Reproduced with permission from Ref. 1.)

plare Preae plane bearing
Fxmndal
it

G: dinh vit, dinh 6c

Trong do : H: 10 xo diéu chinh

A, B: Piston

C: vat kim loai citng dwgc gan vao
D: ban kim loai nén

E: don bay

b. Hai ddi kim cuong dugc lam bang chat lwgng da quy cao, kim cuong flawless,
thuong lavéi 16 khiacanh. N6 thwdng cannang 1/ 8 dén 1/ 3 carat (25-70
mg). Thuong chon kim cuong la do né la vat liéu c6 do clirng cao ( chiu nén tét ),
khong dan dién va dan nhiét rét t6t. Chinh vi wu diém nay ma kim cuong truyén nhiét
tGi mau rét t6t. Uu diém keé tiép la kim cwong trong su6t vai hau hét cac blrc xa nén
céc birc xa co thé chiéu xuyén qua kim cwong t6i kich thich mau.

Radiazione diffusa

N\

Incident
*radiation




c. Cécbod phan khéc

e Gasket - mot laclra ( bé d& ) ~ 0,2 mm d6 day (trudc khi nén) machiahai culets. N6
cO6 mot vai trd quan trong: dé chira cac mau véi mot chat 16ng thay tinh trong mot
khoang gitra .

o Tiéu chuén vat liéu gasket lakim loai cirng va cac hop kim cliané ,chdng han
nhu thép khéng gi, Inconel, Diborua, iridi hodc cacbua vonfram.

e Ngoai racon ap suat truyén trung gian la cac loai khi Ar, Ne, ...dac biét ethanol

hon hop la khéa phd bién vi dé dang xir ly (gay radp suét thiy tinh ). Uu diém |a

truy&n &p sudt cho mau, giam 4p lwc 16n 1én bé médt mau nén khong lam hiy mau.

Low o Vd : Trong hdp chira miu cé khi He, luc
fluorescence = I
diamond J{‘ 1??/} lién két gilta ching lalyc Vandervan rét
i]”'.'-d yéu, khi chiu nén do 4p sudt truyén tlr kim
2L

Sample

cuong, ép cac phan t khi lai gan nhau,

tao ra ap sudt I¢n va truyén cho mau.Mau

“EW%’ nhan ap suat tr moi truong khi bi nén.

o ) 1 -

Force Farce



e MauRuby : Dé biét duwoc vat dad &p sudt nhe mong muén hay chua, ngudi ta
tron 1an vao trong mau vat mot lvgng nhéd ( khoang 0,5 % ) mdt loai tinh thé ndo

dé ma nguoi tabiét trudc dwgc budc song cliand phu thudc vao ap suat.

Vd : Tron lan vao trong mau vat mét lugng nhd Ruby, thudng ding Ruby R; & budc song
692,8 nm va Ruby R, & 694,2 nm. Huynh quang Ruby dwoc gy ra bang kich thich mau
xanh clialaser Ar* (488 nm) hay He-Cd (441,6 nm). Dvavao phd Ruby thu duoc doc chi sd

clia bwéc song tir d6 biét dwoc &p suét cllamau |a bao nhiéu.

Fig. 2. Photograph of the diamond anvil
cell inside the pressure vessel. A ruby
crystal isloaded in the cell, and is
fluorescing visibly in thisimage. Inset:
spectrum of the ruby fluorescence from
the sample. The wavelength shift of the
ruby fluorescence is used to measure the
pressure in the diamond anvil cell asthe
stepper motors close the cell after
pressurizing with gas.
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Fig. 2: Excited ruby fluorescence band
provides pressure scale.
Ung véi budc song clia Ruby 736.6
nm thi 8p suat twong ng llc nay la
141,7 Gpa.
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e Phuong phap khac dé diéu khién va xac dinh &p suat la ding don tinh thé 1ap
phwong Zirconia .Tuy nhién hwong phap nay ch i xac dinh &p suéat trong khoang 50 —
200kbar.

Khi d& c6 mau & &p suét cao, kich thich mau bang laser & budc song 632,8nm va
476,5nm vi blrc xa khoang 514,5nm va 488,0nm cé thé gay phét huynh quang & kim

cuong.

d. B0 phan vo chtratoan b cacdungcu :

B oxlord University
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= |: \ L . :
N — T

Top view onto an open Mao-Bell type DAC. The main components of

the DAC are a long piston-cylinder assembly loaded with a lever arm.



Photograph of the membrane DAC used in our studies

Ngoai thiét bi DAC nhu trén, hién nay ngui ta bo tri thi nghiém don gidn hon la dung
tia laser dé hung nong mau ( do kim cuong dan nhiét rét t6t ). Nhung laser phai co cong
suat Ién khodng 90W.

o Left: Sketch of the Diamond Anvil Cell.

e Right: LH-DAC system at the High-Pressure Mineral Physics and Material Sciences
laboratory (University of Hawaii) designed by Prof . Li Chung Ming. This laser-heating
systemwith a Nd-doped YAG laser (wavelength 1064 nm, power 90W) can heat samplesin
DAC up to 3000 K.

Laser Heating Syatem with
a Diamond Anvil Cell

2. Nguyén tac hoat dong :

Céc hoat dong clia DAC dvavao mdt nguyén tic don gian:

Duavao cong thirc
_F
L

trong d6 P la 4p suét, F lvc &p dung, va Sla dién tich tiét dién .

e Ap sudt dugc tao ra bang cach xoay nit van & trén 1am 10 xo bi nén xudng day céanh
tay don di xudng .

e Canh tay don phiakiabi day |én tao ralwc day pit tong di Ién.



e Khi pit tong bi day di l1én s& ép hai vién kim cwong lai v6i nhau tao ra &p suét cao

trong budng chtra mau vat.

Vi canh tay don phia ld xo dai hon canh tay don tiép xdc véi pit tdng va dién tich buéng

chlra mau réat nhd nén theo cong thirc trén chi can mdt luc nho ta da tao ra mot ap suét

vO cung 16n ¢ méga bar.

e Apluclén dé dwoc truyén tir kim cuong dén bd phan truyén &p suét trung gian ( cac
loai khi Ar, He, Ne....), dong thoi nhiét cling duoc truyén tlr kim cwong téi bd
phén trung gian.

e Do &p sudt truyén di nguyén ven trong mai tredng 16ng va khi nén lic ndy mau
nhan dugc 4p sudt cuc lon.

e Laser chiéu xuyén qua kim cwong t¢i mau va Ruby , nhd ph6 huynh quang ruby ma
biét dugc &p sudt mau |a bao nhiéu.

Tl day co thé nghién ctru mau & nhiét do va ap suét cao trong phong thi nghi ém giéng nhw
& diéu kién sau trong long dat hay nhu trén cac tinh .

( Pressures reach over 300 GPa (3 million atmospheres) with temperatures perhaps as
high as 7000 K (greater than the sun surface temperature) at the centre of the Earth’s inner

core)

e Mau vat dit gitva hai vién kim cwong qua mot 16p dém kim loai va dwoc bao quanh
bai dung dich dau Nujol hoac Teflon dé tao ra &p suét thly tinh .Hai d6i kim cuong
phai dwoc dat d6i dién, song song va vira khit voi bubng chita mau tranh that thoét
nhiét gay anh hudng &p suat can tao.

II.UNG DUNG:

1. Sw chuyén phavat rén & ap suat cao
H,S & thé rdn duoc ting 4p suét dén 20GPa & 300°K .



Hinh 3-4 cho biét phd Raman clia nguyén tir H,S dao ddng theo su thay doi clia dp suat.
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Nhén xét :
e O 4psudt 0,46 Gpa phd lamot duong cong ddi xing
e Khi tang dan &p suat dinh phd dich vé phia do va sy dan rong tang nhung phan doi
xrng.( dich vé mau dé tlrc latan so giam hay noi cach khac la bu éc séng tang).
e Khi tang ap sudt dén 12.36Gpa xuat thém dinh pho (rng voi tan sd v cao hon v, .
e Khi tang ap sudt dén 17.46 Gpa xuét hién thém mot dinh pho.
Chirng t6 c6 s chuyén pha xay ra. (& day la 11Gpa )
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(intramolecular) theo ap suét

Nhéan xét :

Tat ca cac dao dong déu dich chuyén vé phiaxanh khi &p suat tang

Dao dong co tdnsd v, & 1,160cm™ thay ddi nhe khi &p suét ting tir 0 — 20 Gpa

Tan s8 v, thir hai & 1250cm™, xudt hién khi &p suét ting dén 10Gpa, dich chuyén vé
phiatan so 16n.

Dao dong tan s v, dich chuyén vé phiatan sd nho ( vé phia do ) khi &p suat tang tir
0-20Gpa

Dao dong vs xudt hién khi ap suat tang tr 10Gpa va tach ra thanh hai nhanh, cling

dich vé phia dé khi 4p suét tang.

Dao ddng cac nguyén tir phu thudc vao ap suat .

2. Sy thay doi dong phan cta hop chat theo &p suét :

Do phd raman ctia 2 chat Mny(CO)1o va Re,(CO)qq khi thay doi 4p sudt ta thu duoc hinh bén

dudi
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Figure 3-5 Faman spectra of Moy (CO), at (A) ambient pressure and (B) 16kbar, and of
Roez (OO, at {C) ambient pressure and (D) 16kbar in diamond anvil cell. (Reproduced with
permission from Bef. 13}

Nhén xét :

e Khi tang ap sudt thi cé s thay doi chuyén tir dong phan D44 sang D,

e Dao dong carbonyl (CO) tir vach doi ( E, doublet) & sb sdng 2020cm™ khi ting ap
suat thi chuyén sang vach don .( quan sét tir C sang D) .Tuong tw cho tir A xudng B
khi tang ap suét thi tlr vach doi cting chuyén sang vach don.

e 3dai khéc trong viing ndy xudt hién & 4p suét cao & sd song dudi 2000cm™ ( quan sét
B)

T hai diéu trén chirng td c6 sir chuyén pha khi ap suét cao hay cé si thay déi cau tric

dong phan clia hop chat.

e Sy chuyén doi xay ra: & &p suat 8kbar ddi vai Mn,(CO)4 va Skbar ddi voi

Re,(CO)qo .Srr chuyén pha xay raé ap suat dudi 140kbar.
3. Bang chirng vé tinh kim loai ctia hydro & &p suét megabar
Viéc nén hidro dén p suét cao lamat chl dé thu hat nhiéu nghién ctru ké tir khi Winger va

Huntington dua ra y ki€n vé sy ton tai clia phakim loai cliahidro & p suat cao nam 1935



Trén hinh minh hoa, khi nén hydro & 4p suat cao thi hydro sé mang tinh kim loai

Pressure P Pressure

molecular metal atomic metal

molecule solid insulator phén tir kim loai nguyén tir kim loai

phén i rin cach dién

e Nhitng ndm gan day nhiéu nd lic nghién ciru tinh kim loai cla hidro nham thic day
viéc nghién clru bé mét clia sao tho, sao moc va cac hanh tinh ( do thanh phan chu
yéu clia chung la hydro).

e Tinhkimloai clia hidro dugc bao cao dau tién bdi nguoi Nga ndm 1972, tuy nhién n6
chuwa dwoc kiém chirng.

e Gan day vai nhitng quan s& quang hoc va phd raman clia Mao va Hemley ddi voi
hidro ran & &p sudt 2,5megabar, nhiét 77K, c6 nhitng bang chirng cho thay dat dén
phakim loai cta hidro.

e Khi kich thich cac dién t&r bang anh sang trong ving kha kién , & &p sudt 2megabar
Nhitng dit liéu thu duoc tlr tan xa raman cho thay trén phd thu dwoc van ton tai dao dong H-
H, chitng td hidro ran van bén khi tang dén 2kbar & 77K.

Trén hinh 3-6 cho thdy phd raman clia dao dong H_H trong hidro rén & p suit 158Gpa (ttrc
12 1,58M bar)
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e Sy dich chuyén tlr cach dién sang tinh kim loai ( tirc 1a hidro binh thuong la céch
dién , khi chuyén sang tinh kim loai 1a dan dién) xay rakhi & 77K , sy xuét hién hai
dai phd ( ban dau chi c6 1 dai) chitng td s chuyén tir pha cach dién sang pha dan
dién.

e MO0t sO tranh céi xay rakhi Silveralap lai thi nghiém cliaMao vaHemley dé kiém tra
nhung két qua 1a khéng phét hién dwoc st chuyén sang tinh kim loai ctia hidro ran.

e Ruoff vacong si ciing phan béc két qua clia Mao vaHemley, ho cho rang nhitng
dau hiéu ma Mao va Hemley quan sat du ¢c lado tinh kim loai ctia nhdm chir khéng
phai latinh kim loai cta hydro (s hinh thanh nhém la do phan (rng héa hoc ciia bot
ruby trong diéu kién thi nghiém tirc [a & &p sudt rat cao ruby phan trng sinh ranhém)

Nhirng tranh lu&n vé tinh kim loai ctia hidro van tiép tuc dén hét thién nién ki ( tirc 12 dén
nam 1999)

e Ruoff vacdng s van tiép tuc nghién ctru hydro & 4p sut 342Gpa ( tirc |a 3,42Mbar)
nhwng van khéng tim thdy bang ching cho thdy tinh kim loai ctia hydro

e Mat khéc, Nellis dacong bd cho thdy cé si chuan bi chuyén pha sang pha kimloai &
ap suét 140Gpa (1,40Mbar), bang cach do dién tré cliahidro ran & &p suit 140Gpa thi
thdy réng & &p suat dé thi dién tré gidm xudng con 5.10“ohm/cm

( dién tré trén mot don vi chiéu dai rat nhd, chiing té kha ning dan dién cao).

DBiéu nay cho thay pha kim loai da dugc hinh thanh.



Ngoai ra con nhiu cong trinh nghién ctru khac nham tim ra tinh kimloai clia hydro & &p

sudt cao. Nhwng day van la van dé con nhiéu tranh cai.
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