Tap chi KHOA HOC BHSP TPHCM Hoang Van Hung va tgk

PONG GOP CUA CAC LOP VAN PAO PHAN TU
TRONG QUA TRINH ION HOA
VA PHAT XA SONG HAI BAC CAO CUA N, VA CO,

HOANG VAN HUNG', NGUYEN NGOC TY™

TOM TAT

Sir dung gan diing trieong manh va mé hinh ba budc, ching t6i tinh todn téc dg ion
hoa va song hai phat ra do twong tac cua chum lade voi hai lop dién twr ngoai cung HOMO
va HOMO-1 ciia phin tir Ny va CO,. Két qud cho thdy, véi cac géc dinh phiong nhé thi su
doéng gop cia I6p dién it HOMO-1 la khéng dang ké so véi I6p dién tir HOMO trong ca
toc do ion héa va séng hai bac cao. Tuy nhién, doi véi cdc truong hop géc dinh phiong
16m, déng gép 16p dién tir bén trong la ddng ké.

Tir khoa: ion hoa, song hai bac cao, van dao phan tur, lade xung cuc ngén.

ABSTRACT
Contribution of molecular orbitals to ionization process and high-order
harmonic generation of N; and CO,

Using strong field approximation and the three-step model, we calculate ionization
rate and high-order harmonic generating from the interaction of laser beams with the
highest occupied molecular orbital (HOMO) and the second least bound orbital (HOMO-
1) of N> and CO,. The results show that with small value of alignment, the contribution of
HOMO-1 to ionization rate and high-order harmonic generation can be negligible,
compared to the one of HOMO. However, in the case of larger alignment angles, the
contribution of HOMO-1 to ionization rate and high-order harmonic generation is significant.

Keywords: ionization, high-order harmonic generation, molecular orbitals, ultra-short
laser pulse.

1.  Giéi thiéu thu nhan thong tin cdu tric dong cia

Tuong tac gitta nguyén tu, phan tr
vO1 cac chum lade 1a mot bai toan duoc
quan tdm rong rdi trong cong dong khoa
hoc vi né6 mé ra nhiéu co hdi tiép can voi
thé gidi vi mo. Cung véi sy phat trién cia
khoa hoc ki thuat, cac nguén lade co
cuong do ¢& 10" W/ecm?, xung ngin
femto gidy (fs) va atto gidy (as) da dugc
ché tao. Chinh su ra doi cta cac nguén
lade trén d3 thuc day cac phuong phap

) CN, Trwong Bai hoc Sw pham TPHCM
" TS, Trwdng Bai hoc Sw pham TPHCM

phan tr véi d6 phan giai thoi gian & cap
d6 femto, atto gidy theo cac co ché khac
nhau. Mot trong nhimg co ché dugc sir
dung gan ddy 1a qua trinh phat song thi
cap do tuong tic giita phan tir v6i chum
lade cuc manh, chung t61 goi la song hai
béc cao (viét tit HHG ctia cum tir High-
order Harmonic Generation) [2].

Trong cong trinh [5], nhom cac nha
khoa hoc Canada khing dinh riang di
chyp dugc anh dam may dién tor ngoai
cing (HOMO) cta phan tr N, bang
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ngudn lade c6 d6 dai xung 30 fs, cudong
do 2.10" W/cm? theo co ché HHG. Su
thanh cong cua phuong phap chup anh
phan tir trong cong trinh [5] da thu hut su
quan tdm rat 1on cua cac nha khoa hoc [6,
7, 8, 13]. Trong cong trinh [6], cac tac gia
chi ra rang chét lugng chuyp anh HOMO
ctia N, ¢6 thé cai thién béng cach su dung
lade budc séng dai, ching han nhu
1200nm thay vi 800 nm. Céc tac gia cling
da kiém chung két luan nay khi ap dung
phuong phap chup anh cho phan ta CO,
[7]. Trong cong trinh [7], ngoai hinh anh
vé 16p dién tir ngoai cung (HOMO), cac
tdc gia con thu nhdn dugc thong tin
khoang céch lién hat nhan ctua ciac phan
tt N,, 0,, CO, biang phuwong phap so
sanh phu hop tir nguén HHG. Céc tac gia
cling da phat trién phuong phap nay va
ap dung thanh cong cho céc phan tu phuc
tap hon, c6 hai thong tin cau tric nhu
OCS, BrCN va O; [10]. Theo do, véi
ngudén HHG phat ra tir phan tir, cac tac
gia da trich xuat dugc thong tin khodng
cach lién hat nhan cho céac phan tor OCS,
BrCN, O; v6i d6 chinh xac cao, sai sb
dudi 5%. Ngoai ra, trong cong trinh [11],
cac tac gia da khing dinh co thé theo di
dau vét cia qua trinh dong phan hoa dua
vao dic diém HHG dat cuc dai tai cac
trang thai can bang khi qui trinh nay
dang dién ra. Pay 1a mot két luan quan
trong va can dugc kiém ching cho nhiéu
qua trinh dong phan héa véi cac phan tir
khac nhau dé khang dinh tinh phd quat
cua phuong phap.

Cho dén nhimg nim gan day viéc
giai thich sy hinh thanh phé HHG van
thudong duoc hiéu theo mo hinh ba budec.
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Trude hét dién tr ion héa xuyén ham ra
vung lién tyc, sau d6 duoc gia toc bai
truong lade va cudi cung tai két hop lai
v6i ion me va phat ra photon [9]. Mot diéu
dic biét trong mo hinh nay 1a chi xét dén
s dong gop duy nhét ctia mot 16p dién tir
HOMO ma khong tinh dén 16p dién tir
khac. Gan déy, trong cong trinh [4] bang
quéa trinh chup anh cét 16p phan tu, cac
nha khoa hoc da tai tao khong chi lop
HOMO ma con ca 16p dién tir ké can phia
trong (HOMO-1) tir dit licu HHG phat ra
tor khi N, tuong tidc voi lade xung atto
gidy. Pay 1a mot trong nhitng dau hiéu
quan trong cho thdy can phai xét dén dong
gop cua cac 16p dién tor bén trong khi
nghién cuu tuong tac gita phan tr véi
lade ma ddc bi¢t 1a qua trinh phat HHG.
Trong bai bao nay, v1 myc tiéu so
sanh sy dong gop cua cac lop dién tu
trong qud trinh ion hoa va phat HHG cua
N, va CO,, chiing t61 gio1 han chi xét dén
hai 16p HOMO va HOMO-1 trong qué
trinh tuong tac véi lade cua phan tir. Khi
phan tur, nguyén tir tuong tac vdi truong
ngoai, myt trong nhitng qué trinh thuong
xuyén xay ra 1a ion héa. Viéc tinh tc do
ion hda c6 y nghia quan trong boi vi dai
luong nay khong nhitng cho chiing ta biét
s6 ion dugc sinh ra trong don vi thoi gian
ma con cung cip mot cach khai quat vé
tuong tac gitta phan tr, nguyén tor voi
truong ngoai. Bén canh do, qua trinh phat
HHG 13 mot trong nhimng kha ning c6 thé
xay ra tiép theo sau qua trinh ion hoa nén
viéc nghién ctu HHG thuong lién quan
chdt ché td1 kha nang ion hdéa cua phan
tir, nguyén tir. Chinh vi vy, chiing toi két
hop tinh toédn hai dai lugng vira néu trong
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cong trinh nay. Chung t6i s& tinh téc do
ion héa cho timg 16p dién tar doc lap dé
danh gia mdi twong quan vé sy dong gop
cua tung 16p dién tu trong qué trinh nay.
Sau d6, chung t61 moé phong HHG phat ra
do dién tir cua tung l6p bi ion hoa va
quay vé két hop phat ra photon. So sanh
tin hi¢u HHG cua tung 16p dién tir cho
phép ching ta két luan vé su dong gop
cua cac 16p di¢én tur trong qua trinh phat
Xa nay.

2. Mo hinh tinh toan HHG

Trén nguyén tic, chung ta co thé
tinh HHG bang viéc giai chinh xac
phuong trinh Schrodinger phu thude thoi
gian cua nguyén tir, phan tir trong truong
lade. Hién nay, c6 nhiéu nhém nghién
ctru theo hudng nay va di thu dugc nhiéu
két qua dang cha y [1, 12]. Tuy nhién, do
nguyén tir, phan tir 1a hé nhiéu hat phuc
tap tuong tac véi truong lade nén viée
gidi chinh xac phuong trinh Schrodinger
dé thu dugc phé HHG doi hoi rat nhiéu
tai nguyén may tinh. Chinh vi vay, theo
huéng nghién cuou nay, hién nay cac
nhom chi tap trung giai quyét duoc cho
nguyén tr hay phan t&r don gian chi chua
mot hay hai dién tor nhu H, H,, H,.
Chinh nhu cau tinh toan phé HHG cho
cac phan tir phuc tap hon doi hoi xay
dung cac md hinh tinh toan gan dung khi
nghién ctru qua trinh nay.

Trong cong trinh nay, ching t6i mo
phéng HHG phat ra do tuong tac gitra
phan to va chum lade véi gn dung
truong manh theo md hinh ba budc cua
nha khoa hoc Lewenstein [9]. M0 hinh
nay chinh 1a sy cu thé hoa bang viéc giai
gan dung phuong trinh Schrédinger phu

thuoc thoi gian két hop véi gan dung
truong manh va ca phan tor dugc xem nhu
chi c6 mot dién tir chiu tac dung cua lade.
HHG tinh theo md hinh nay cho thdy cac
dac trung da duoc thuc nghiém x4c nhan:
cuong d6 giam & nhitng tan sb thap, tiép
theo sau la mot mién phang ma cuong do
gan nhu khong d6i, mién phing két thuc
& mot diém dimg 6 vi tri 1, +3.17U

trong do: [, chinh la thé ion hoa cua

2
nguyén tor hay phan tu, U, = £ >
4w

,= E2/4w2) chinh la dong nang
trung binh cua dién tr trong truong lade
c¢6 cuong do dién trudng E, tan sb goc.

Pé tinh toan phd HHG do lade
twong tac v6i phan tir, ching toi can
chuan bi thong tin vé phan tir ciia N, va
CO,. Cu thé, dé c6 dugc phé HHG,
chung ta can biét cau hinh phan tir dé c6
thé tinh dugc ham séng cua cac 16p dién
te. Ham séng khi chua c6 lade nay s€
dugc sir dung dé giai gan dung phuong
trinh Schrodinger phu thudc thoi gian, tu
d6 tinh ra pho HHG. Ca N, va CO, déu la
phan tir thang c6 cac khoang cach lién
nguyén tir 1an lugt bang Ryw=1.11 A va
Reo=1.17 A. Pay la cac s liéu thu dugc
tir tinh toan st dung phuong phap phiém
ham mat ¢6 (DFT) thong qua phan mém
Gaussian [3]. Cac s liéu thu duoc phu
hop voi cac gia tri do dac bang thuc
nghiém. Tir cac cdu hinh nay, cic phén tir
s€ tuong tdc voi chum lade cuong do
2.10" W/em?, @6 dai xung 30 fs va budc
song 800 nm hoac 1200 nm.

Céc phan tr khi dugc xem nhu
dugc dinh phuong theo truc phan tu. Sau
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d6 chiéu chum lade vao cac phan tir khi
da duoc dinh phuong dé nghién ciru qua
trinh 1on hoéa hodc phat HHG. Ching to1
s€ khao sat sy phu thudc cua tbc do ion
héa va cuong d0 HHG vao goéc dinh
phuong 0, 1a goc hop boi truc phan tir va
vecto phan cuc cua chum lade.
3. Kétqua
3.1. Mé phong HOMO va HOMO-1
cua phdn tu

Trong phan nay, ching toi trinh bay
cac két qua vé ham song cua hai 16p dién
tt HOMO va HOMO-1 cua cac phan t
dé chuén bi tinh téc dd ion hoa va HHG.
Nhu da trinh bay, ching t61 su dung
chuong trinh Gaussian dé tinh ham séng
cua cac 16p dién tor vdoi phuong phap
DFT, hi¢u chinh B3LYP va h¢ ham co s&
6-31G+(d,p). Két qua cho thiy, HOMO
va HOMO-1 cuta cac phan to thu duoc
phu hop voi cac két qua da biét vé doi
xtirng cua cac 16p van dao phan tu.

HOMO

HOMO-1

Hinh 1. HOMO va HOMO-1
cua phan tir N,

0050 HOMO

A L

Hinh 2. HOMO va HOMO-1
cua phan tu CO,
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Theo hinh 1, ta nhan thay phén tir
N, c6 HOMO dbi xtmg s, va HOMO-1
c6 ddi xung D, Két qua tinh toan cho
thdy thé ion hoa ciia hai 16p dién tir nay
lan luot 14 15.6 eV va 17.2 eV. Tuong tu,
trong hinh 2, d6i v6i phan ta CO,,
HOMO c¢6 dbi ximg p, va HOMO-1 ¢6
d6i xtng p, . Thé ion hoa lan lugt 1a 13.8
eVva 17.6 eV. Ta thdy rang thé ion hoa
dién tir tir 16p HOMO-1 ludn 16n hon thé
jon hoa cua 16p HOMO. Piéu nay hoan
toan phu hop vi 16p dién to bén ngoai do
lién két voi hat nhan kém hon, ¢6 nang
luong lién két thdp hon nén thé ion hoa
s& thap hon.
3.2. Téc dé ion héa

Trong céc bai toan tuong tac gilra
lade va nguyén tir, phan tir, qua trinh ion
hoa la mot trong nhiing qua trinh thuong
xuyén xdy ra va dugc quan tdm. Chinh vi
vay, viéc tinh todn tbc do ion hoa co y
nghia quan trong. Téc dd ion hoa dugc
dinh nghia 1a s6 nguyén tir, phan tir bi ion
hoéa trong mot don vi thoi gian. Trong
phan nay, chung t6i tinh dai lugng nay
v6i gan ding truong manh cho hai 16p
dién tt HOMO va HOMO-1 voi cac goc
dinh phuong thay doi tir 0° dén 90°.
Nguén lade str dung dé ion hoa co cuong
d6 2.10" W/em? v6i do dai xung 30 fs,
budc song 800 nm hoac 1200 nm.

béi véi phan tor N,, chiing t61 nhan
thdy toc do ion hoa dién tir tr HOMO dat
gia tri 16n nhat khi phan tor duoc dinh
phuong song song vdi vecto phan cuc
cia lade, goc dinh phuong 0 bang 0°.
Nguoc lai, dién to to 16p HOMO-1 khi
dugc ion hoa s€ co gia tri cuc dai khi
phéan tir dinh phuong vudng gbc, tlirc goc
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0 bang 90°. Pidu nay duoc giai thich 1a
do sy khic nhau trong di xtng cua hai
16p dién tr. D6i v6i 16p dién tir co ddi
ximg s, qua trinh ion s& xay ra manh
nhat khi chum lade phan cuc song song
v6i truc phan tir trong khi d6 dbi véi 1op
dién tir d6i ximg p, viéc ion héa dién tir
s& 16n nhat khi vecto phan cuc cta lade
vudng goéc voi truc phan tu. Téc do ion
hoa cua hai 16p dién tir cia N, dugc vé
trong hinh 3.

T T —_Homo
00751 4
(a) — — HOMO-1(x5)
0.050 4
0.025

0000} — = =
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Hinh 3. Toc dj ion héa cia phdn tir tiv
HOMO va HOMO-1 cua phan tw N, voi
(a) lade 800 nm, (b) lade 1200 nm

Hinh 3a chung ta c6 thé thay, dbi
v6i chum lade c6 bude song 800 nm, tde
do ion hoéa cua lop dién td HOMO 16n
hon rat nhiéu so véi dai luong nay tinh
cho 16p HOMO-1. Cu thé, toc d6 ion hoa
dién tir 16p HOMO 16n hon 5 lan so véi
l6p HOMO-1 khi goéc dinh phuong dat
gia tri 90°. Ung véi cac goc dinh phuong
khac, ti s6 nay cang 1én hon. Do d6 co
thé thiy dong gop cuia HOMO-1 trong
truong hop nay 1a khong déng ké.

Tuy nhién, d6i v6i chum lade c6
budc song 1200 nm, dong goép cua
HOMO-1 trong qua trinh ion hoéa can dugc
xét dén. Theo hinh 3b, ung véi cac goc

dinh phuong nho hon 50°, tc d6 ion hoa
dién tor 16p HOMO-1 rat nho so véi dai
luong nay tinh cho 16p HOMO. Khi goc
dinh phuong ting tir 50° dén 90°, toc do
ion héa cua 16p HOMO-1 ciling tang theo
va gan bang vdi toe do ion héa tir HOMO
g véi goc dinh phuong bang 90°.

Chung t6i tiép tuc tinh tbc do ion
hoéa tur hai 16p dién tor cho phan to CO,.
DPbi v6i phan tdt CO,, HOMO c6 dbi
xtmg p, va toc do ion héa tir 16p dién tur
nay dat gia tri 16n nhat khi goéc dinh
phuong khoang 40° dén 45°. Lop dién tir
HOMO-1 c6 d6i xing p, nén toc do ion
cuc dai ung véi goc dinh phuong 90°.
Gidng nhu truong hop phan tir N, khi
ion hoa phan tr CO, bang chum lade
budc song 800 nm, tdc do ion hoa tur 16p
HOMO-1 rét nho so véi 16p HOMO. Tuy
nhién khi tang budc soéng lén 1200 nm,
theo hinh 4b, téc do ion héa cua 1op
HOMO-1 dang ké so véi toc do tir 16p
HOMO véi ting céc goc dinh phuong 16n
nhu 80°-90°.

() ' ' ' T T Homo
— — HOMO-1(x20)]

0.129

0.086 +

0.043

0.000

0.060

(b) ——HOMO
0.045 - — — HOMO-1

lonization rate (a.u.)

0.030

0015}
-

-_— T -
0.000 e P LT~ -
i) 10 20 30 40 50 &0 70 B0 80

Alignment angle 0 (degrees)

-

Hinh 4. Toc db ion héa cua phdn tir tir
HOMO va HOMO-1 cua phan tw CO, voi
(a) lade 800 nm, (b) lade 1200 nm
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Ca hai truong hop trén cho chung ta
thdy rang, trong qua trinh ion héa phan tir
N, va CO, bang cic ngudn lade, dong
gop cia HOMO-1 1a khong dang ké g
v6i truong hop bude song ngan 800 nm.
Tuy nhién, v6i truong hgp budce song dai,
vi du 1200 nm, dong goép cua HOMO-1
can duoc tinh dén, dic biét ung vadi cac
goc dinh phuong 16m, 50° dén 90° ddi véi
N, va 80” dén 90° ddi véi CO,.

3.3. HHG ciia HOMO va HOMO-1

V61 mo hinh tinh todn nhu da trinh
bay trong phan 2, ching toi tién hanh
khao sat HHG phat ra tr cac 16p dién tu
HOMO va HOMO-1 cta N, va CO,. Déi
v6i ca hai 16p dién tur, sau khi tinh dugc
HHG chung t6i thdy rang phé HHG c6
nhitng dac trung da dugc mo ta: cuong
d6 HHG giam & nhiing tan sd nho, tiép
theo 12 mot mién phang véi cudng do
HHG gan nhu khong thay do6i, mién
phang nay két thic & mot diém dung, sau
diém nay HHG giam manh va c6 cudng
d6 khong dang ké. Vi tri cia diém ding
phu thudc vao thé ion hoa cta phan tir va
cac thong sd cia chum lade theo biéu
thaee 7 + 3.17U . Trong hinh 5, ching
t6i v& mot truong hop cu thé vé phd
HHG phat ra tir hai 16p dién tr ciia phan
tor N, tng v6i goc dinh phuong 45° dé
kiém chung cong thirc tinh vi tri diém

dung nay. Lade c6 budc song 800 nm,
cuong do 2.10" W/em?® voi @6 dai xung
30 fs.

U'A ' ' ' (aiHomo ;

A

104

|
RIIM(‘WW Wﬁ.ﬂf}r*rrmm‘v\.\’\\\'.— '

(b) HOMO-1

HHG intensity (log. scale)

| |
0 j| |'|f‘| L}Uﬂmﬁhﬂf v“"ml.

0 10 20 a0 40 50 60
Harmonic order

Hinh 5. HHG twr (a) HOMO va (b)
HOMO-1 cua N, ung voi goc dinh
phirong 0= 45°

St dung cong thirc tinh diém ding,
dbi voi phan tir N,, mién phang s& két
thuc tai bac 37 khi lade c6 budc song
800nm tuong tac voi dién tir l6p HOMO.
Két qua mo6 phong trong hinh 5a cho thiy
vi tri diém dimng tir phd HHG md phong
phu hop véi cong thirc vira trinh bay. Két
qua vé vi tri diém dimg cia HHG khi
tuong tac véi HOMO-1 cua N,, bac 39,
cling dugc nhin thay rd trong hinh 5b. Vi
tri diém ding cho cac 16p dién tir cua hai
phan tir khi twong tac cac ngudn lade co
budc song khac nhau duoc chung toi thé
hién trong bang 1.

Bing 1. Céc tan s6 cua diém dieng cia HHG cho hai phdn tir CO, va N,

Phan t& Orbital 800 nm 1200 nm
HOMO 35 97
€O, HOMO-1 37 101
N HOMO 37 99
2 HOMO-1 39 101
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Pé so sanh HHG phat ra tir cac 16p
dién tt HOMO va HOMO-1 cua hai phan
t, ching t6i tién hanh tinh cuong do
phat xa nay ung vdi cac goc dinh phuong
tir 0° dén 90°.

Péi voi phan tor N,, HHG phat ra
do dién tir 16p HOMO c6 gié tri 16n nhat
khi goc dinh phuong bang 0° trong khi d6
HHG cua 16p HOMO-1 1én nhat khi ©
bang 90°. V&i ngudn lade c¢6 budc song
800 nm, két qua cho thdy HHG phat ra tir
HOMO-1 chi ¢6 thé so sanh véi HHG
phat ra tt HOMO khi goc dinh phuong
16n hon 40°. Péi voi bac 21, cuong do
HHG tr HOMO-1 con kha nhé so véi
HHG cua 16p HOMO. Tuy nhién, voi bac
33 va 35, HHG tr HOMO-1 bang va
tham chi 1én hon HHG tr HOMO cua N,.
Két qua twong tu cling duoc kiém ching
cho ngudn lade c6 budc séng 1200 nm,
dugc thé hién nhu trong hinh 6.

80 200

” (@ H21 | g0 (d) H23 |
48 — HOMO 120 — HOMO
- - HOMO-1 - - HOMO-1
— 32 80
m 1 |
7.

HHG signal (arb. unit

] % W 45 &0 75 #0 0

Alignment angle 0 (degrees)

Hinh 6. HHG tw HOMO va HOMO-1
cua phan tw N; (a), (b), (c) voi lade 800
nm, (d), (e), (f) voi lade 1200 nm

Vi két qua nay, ching ta thiy rang
khi tinh HHG cho phén to N, dong gop
ctia HOMO-1 can dugc tinh dén, dic biét

la g véi cac goc dinh phuong 16n hon
40°.

Chung t6i tiép tuc so sanh HHG
phat ra tor hai 16p dién t¢t HOMO va
HOMO-1 ctia phén tir CO,. Péi voi phan
tir CO,, khi thay d6i goc dinh phuong két
qua cho thdy HHG tir HOMO dat cuc dai
khi 0 khoang 45° trong khi d6 HHG cua
HOMO-1 16n nhit véi 6 bang 90°.

—HOMO |

1| (b) H23

12|

52} (c) H27

8}

HHG signal (arb. units)

2|
135

[ T Lok el ke ;
'] 15 30 45 &0 75 80 o

Alignment angle 0 (degrees)
Hinh 7. HHG tw HOMO va HOMO-1
cua phan tuw CO; (a), (b), (c) voi lade 800
nm; (d), (e), (f) voi lade 1200 nm

Két qua dugc trinh bay trong hinh 7
cho thay rang, HHG phét ra tirt HOMO-1
ctia CO, chi c6 cudng do dang ké so véi
HHG tr HOMO tung véi cac géc dinh
phuong tir 60° tr& di cho ca hai trudong
hop cua budc song 800 nm va 1200 nm.
bac biét, voi truong hop lade 1200 nm,
tai nhitng goc dinh phuong 16m tir 75° dén
90° cuong d6 HHG phat ra tr HOMO-1
con 16n hon ca HHG cia HOMO.

Két hop hai truong hop N, va CO,
chung ta c6 thé nhan thay, khi tinh HHG
cho hai phén tir nay, img v6i cac goc dinh
phuong nhé dong gop cia HOMO-1 la
khong dang ké, co thé bo qua. Tuy nhién,
mg voi cac goc dinh phuong 16n tir 40°
doi véi N, va tir 60° dbi véi CO,, HHG

15 30 45 &0 75 80

93



Tap chi KHOA HOC BHSP TPHCM

S6 36 niam 2012

phat ra tur dién tr cia HOMO-1 c6 cuong
d6 dang ké va can duoc tinh dén khi khao
sat qua trinh phat HHG cua phan tu.
4. Kétluan

Nhu vay, bang cach st dung gan
dung truong manh dé tinh téc d6 ion hoa
va mo hinh ba buéc Lewenstein dé mo
phong phd HHG thu duoc tir hai 16p dién
tt HOMO va HOMO-1 cho hai phan tu
CO; va N, chung t61 da tinh dugc hai dai
luong nay vaéi cac gia tri khac nhau cua
goc dinh phuong tir 0° dén 90°.

Theo d6, khi tinh toan téc do ion
hoéa tur hai 16p dién tir cua hai phéan tor N,
va CO,, voi1 truong hop bude song lade
800 nm, téc d6 ion hoa tir 16p HOMO-1
rat nho so véi dai lugng nay tinh tir 16p
HOMO. Khi ting budc song lén 1200
nm, toc d6 ion héa tr HOMO-1 so véi
tbc d6 ion héa cia HOMO co thay do6i

dang ké, dic biét 1a voi cac goc dinh
phuong 16n, 50° dén 90° ddi voi N, va
80" dén 90° di véi CO,.

Tiép theo, khi tinh HHG phét ra tir
HOMO va HOMO-1 cua ca hai phan tu
ung voi hai truong hop bude song 800nm
va 1200 nm, ching t6i nhan thiy ring
cuong d6 HHG tir 16p HOMO-1 ¢6 thé so
sanh voi cuong d6 HHG tor 16p HOMO
khi cac goc dinh phuong twong ddi 16n.
Cu thé, voi cac goc dinh phuong 16n tir
40° d6i v6i N, va tir 60° doi voi CO,,
HHG tir 16p HOMO-1 ¢6 cuong do gan
bang, tham chi c6 luc 16n hon HHG tir
16p HOMO.

Chinh diéu nay cho phép chung t6i
két luan rang déng gop cia HOMO-1 cin
dugc tinh dén trong khi nghién ctu qua
trinh ion héa va phat HHG cua hai phan
tu N, va CO,.

Ghi chii: Céng trinh nay dwoc thue hién trong khudn kho dé tai nghién citu khoa hoc
cap co sé Trwong Pai hoc Sw pham TPHCM (md s6 CS.2011.19.50)
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