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TOM TAT

KDP (Potassium Dihydrogen Phosphate) la mét trong nhitng tinh thé quang phi tuyén dién
hinh. Huwéng nghién ciru néi bt hién nay vé tinh thé KDP la viéc pha tap vio né cdc hop chat hitu
co nham cdi tién hé sé quang phi tuyén bdc hai cia tinh thé. Trong bai bdo nay, cdc don tinh thé
KDP dirge nudi tir méi trieong dung dich KDP chi chita chat mau Crystal Violet (CV), chi chira mudi
Disodium Ethylenediaminetetraacetate Dihydrate (EDTA) va chita dong thoi ca CV va EDTA bang
phirong phép ha nhiét dé va ki thudt Sankaranarayanan-Ramasamy. Nong dg phan tram sé mol ciia
CV 1a 0,0001; 0,00025 va 0,0005%. Con nong dg phan tram sé mol ciia EDTA la 1%. Céac mdu tinh
thé KDP pha tap dwoc lan luot danh gia thanh phan nguyén t6 va cdu tric tinh thé bang phép do
phé EDX va gian d6 XRD. Mt s6 tinh chat quang hoc ciia chiing dwoc khdo st théng qua phé UV-
Vis va sw phat séng hai bac hai (SHG). Céc két qua dat duwgc sé cho thdy anh hwéng ciia phu gia
CV, EDTA, si dong pha tap va nong dé phan tram so mol cia CV dén cac déc tinh ciia don tinh thé
KDP, dic biét la hiéu sudt SHG ciia tinh thé. Nghién ciru ndy huéng dén viéc mé réng pham vi irng
dung cua tinh thé KDP trong cdc hé quang hoc sit dung laser.

Tir khoa: Crystal Violet; déng pha tap; EDTA; KDP; su phat song hai bac hai

1.  Giéi thiéu

Hiéu tmg phat séng hai bac hai (SHG) hay hiéu ing nhan d6i tan s laser dugc phat
hién 1an déu tién bsi P. A. Franken va cac cong su vao nam 1961 (Franken et al., 1961). Ho
dd dung tinh thé thach anh dé bién d6i chum laser Ruby budc séng 694,3 nm thanh chum
blrc xa c6 budc song giam mdt nira — 347,15 nm. Khadm phé nay ctia nhom tac gia Franken
da trd thanh tién dé cho sy ra doi ciia Quang hoc phi tuyén — nganh khoa hoc nghién ctru su
tuong tac gitra laser va vat chét, dic biét 1a méi truong tinh thé. SHG duoc xem 1a mot trong
nhirng hién trong quang hoc phi tuyén quan trong. N6 dugc tmg dung 1am bo nhan tan laser,
kinh hién vi quang phi tuyén dung trong y sinh, h¢ khdo sat bé mat vat lidu vo co, vat liéu
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sinh hoc. .. (Boyd, 2007). Hiéu suit SHG cta mét tinh thé dwoc dinh nghia 1a ti sb giira cong
suét birc xa budc song A/2 & ngd ra cia tinh thé va cong suét laser budc song A & ngd vao
tinh thé. Hiéu sudt SHG 13 16n nhat khi chum laser chiéu vao tinh thé hop véi quang truc cua
tinh thé mot goc nhat dinh goi 1a goc hop pha. Dbi véi tinh thé KDP va laser budc song 1064
nm, goc hop pha c6 gid tri 1a 41° (Nikogosyan, 2005). D6i v6i chum laser dang Gauss thoa
min diéu kién hop pha va h¢ quang hoc thoa man sy hdi tu déng tiéu, hiéu suit SHG duoc

xac dinh boi biéu thie (Yariv, 1984):
Pz 8 1)\ 2 wid’L

©sHG = P, Tc <_> n?

Py (1)

Trong dé: P 1a cong sudt cua laser budc song A & ngd vao tinh thé, Py /2 la cong suit cua birc

€

xa budc song M2 ¢ ngd ra tinh thé, ¢ 13 te do anh sang trong chan, €, 1a d6 dién tham chan
khong, o 12 do tir tham chan khong, w, 1a tan sb goc cla laser budc song A, L 1a chiéu dai
ctia tinh thé, n, 1a chiét suit cta tinh thé dbi véi laser budc song A, d 1a hé s6 quang phi
tuyén bac hai cua tinh thé tuong tng véi laser budc song A.

Tinh thé KDP c6 tén day du 1a Potassium Dihydrogen Phosphate va ¢ cong thirc hoa
hoc 1a KH2POs. N6 da duoc khao sat cac tinh chat co, nhiét, dién, quang tir nhitng nim 30
ctia thé ki XX. So voi cac tinh thé khac, nd ¢6 hai vu diém quan trong: (1) né dé dang duoc
ché tao dén kich thudc 16n tiry v tir mdi truong dung dich véi chi phi khong qua cao; (2) n6
so hitu cac tinh chat dic trung ndi bat nhu tinh 4p dién (dién-co, dién-quang) va tinh quang
phi tuyén. N6 dugc tng dung 1am dau do song siéu am, b diéu bién cudng d6 sang, khoa
quang hoc (Q-switch), bd nhan tan laser, thanh phan trong hé thdng tao phan tmg nhiét
hach... (Xinju, 2010). Trong thé ki XXI, tinh thé KDP tiép tuc thu hat sy quan tdm nghién
clru ctia cac nha khoa hoc vi cac tinh chat dic trung cia KDP van con c6 thé dugce cai tién
nham mé rong pham vi tng dung ctia né. Hai hudng tiép can vira doc lap vira c6 thé két hop
v6i nhau dugc dua ra: thir nhét, sir dung ki thuat ché tao don tinh thé méi, cu thé 1a ki thuat
Sankaranarayanan-Ramasamy (SR); thi hai, dua vao tinh thé cac phu gia hitu co.

Ki thuat SR dugc dé xuit boi Sankaranarayanan va Ramasamy tir nhitng nam 2005.
N6 thudéc nhom ki thuat nudi tinh trong moi trudong dung dich, phu hop véi ca phuong phap
ha nhiét d6 va phuong phap bay hoi dung méi dé ché tao don tinh thé. Piém khac biét cua
ki thuat SR so véi ki thuat truyén théng 14 & binh dung dung dich nudi tinh thé c6 dang chir
Y tron xoay thay vi ¢6 dang hinh try hay hinh hop kich thudc ddng nhat theo phuong thang
dung. Piéu nay lam cho su phat trién ciia don tinh thé 1a don chiéu (unidirection) trong ki
thuat SR thay vi 1a da chiéu (multidirection) trong ki thudt truyén théng (Balamurugan &
Ramasamy, 2008). Cac don tinh thé duoc nudi bang ki thuat SR c6 chat lugng quang hoc tét
hon, it sai hong hon, d6 ctimg va do két khéi cao hon so véi cac don tinh thé dugc nudi bang
ki thuat truyén théng (Rajesh et al., 2011).

Viéc pha tap cac chét hitu co vao tinh thé KDP da dugc khao sat va nghién ciru trong
hon hai thap nién vira qua. Chit hitu co giup ting cudng mat do lién két hidrogen trong tinh
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thé — 1a lién két déng vai tro then chdt quyét dinh tinh chit quang-dién ciia tinh thé KDP
(Parikh et al., 2007; Phan, Nguyen, & Le, 2022). Ngoai ra, chét hiru co dang chat mau nhudém
(dye) con giup han ché cac dich chuyén phi birc xa va ting cudng cac dich chuyén birc xa
trong tinh thé KDP, dan dén ning cao hiéu suit phat quang lugng tir trong tinh thé (Velikhov
et al., 2007). Nhom tac gia Rajesh di bao cio mot vai tinh chit ndi bat cta don tinh thé KDP
pha tap chat mau Crystal Violet (CV) néng d6 phan trim sé mol 0,1% so véi tinh thé KDP
tinh khiét (Rajesh, Silambarasan, & Ramasamy, 2014). Tinh thé KDP pha tap CV cta ho
dugc phat trién theo huéng [001] bang phuwong phéap bay hoi nudc va ki thuat SR. N6 c6 do
truyén qua quang hoc, d6 cimg co hoc, @6 bén nhiét cao hon tinh thé KDP tinh khiét.

Trong bai bao nay, chung t6i ché tao cac don tinh thé KDP pha tap CV véi cac nong
d6 phan tram s6 mol 0,0001%, 0,00025% va 0,0005% tir mdi trudng dung dich bang phuong
phéap ha nhi¢t do va ki thuat SR. Hai tinh méi cua dé tai so véi cac nghién ctru da co la:

- Tht nhat, cac don tinh thé KDP pha tap CV duoc dinh hudng phat trién theo goc hop
pha 41°. Viéc nay gitp tao sy thuan loi va don gian khi gia cong tinh thé dé phuc vu cho viéc
do hiéu suat SHG véi laser 1064 nm — diéu khong thé ¢6 duoc véi su dinh hudng phat trién
khac ctia tinh thé.

- Tht hai, ngoai cac don tinh thé KDP pha tap CV, chiing t6i con ché tao cac don tinh
thé KDP ddng pha tap CV va Disodium Ethylenediaminetetraacetate Dihydrate (EDTA) v&i
cung diéu kién va cac néng do phan tram s6 mol CV nhu trén. Nong d6 phan tram sé mol
EDTA 1a 1%. EDTA c6 kha ning c¢6 lap va ngan chin céac ion kim loai nang (von ludn ¢
san trong cac hoa chat thuong mai va dung cuy thi nghiém bang thuy tinh) trong dung dich di
vao tinh thé KDP (Phan et al., 2018). Céc ion kim loai ning thuong gay ra sai hong, ran nit
bén trong tinh thé va lam giam chat lugng cta tinh thé. Sy c¢6 mat cia EDTA trong dung
dich nudi s€ gitp cai thién sy hoan thién cAu tric va cac tinh chat quang hoc ctua don tinh
thé KDP pha tap CV.

Hai nhom mau KDP pha tap CV va KDP ddng pha tap CV-EDTA sé& dugc so sanh vé6i
nhau va duoc so sanh véi KDP tinh khiét va KDP chi pha tap EDTA thong qua cac phép do:
phd UV-Vis, pho EDX, phan tich XRD va hi¢u suit phat séng hai bac hai. Cac két qua s&
cho thy cic ndng d¢ phu gia phii hop va sy cai tién dang ké hi¢u suat SHG cua tinh thé
KDP nho viée dong pha tap CV va EDTA.

2.  Vatliéu va phuong phap

Céc hoa chét ban dau dugc st dung dé ché tao cac don tinh thé KDP 1a céc san phém
thuong mai dang bot danh riéng cho phong thi nghiém, bao gdm mudi KDP, chit mau CV
va mudi EDTA. Mot vai thong tin vé chiing duoc trinh bay ¢ Bang 1.
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Bdng 1. Mot vai thong tin vé cdc héa chat danh cho viéc ché tao cdc don tinh thé KDP

Hoa chat s Cong thire KhonAlu’({ng Hang san D) tinh
A X 4o Viét , phan tw % 3
Tén day du 2 hoa hoc xuat khiét
tat (g/mol)
Guangdong
Potassium Dihydrogen Phosphate =~ KDP KH,PO4 136,09 Guanghua, >99,5%
Trung Quoc
Crystal Violet CcvV CasH3oN;Cl 407,98 Merck, Buc > 99%
Disodium Guangdong
Ethylenediaminetetraacetate EDTA CloHl;gzggNaz' 372,24 Guanghua, >99,5%
2

Dihydrate Trung Qudc
Khéi luong mudi KDP (gam) can cho vao Viy,ter (ml) nude cit dé tao thanh dung dich
bao hoa KDP tai nhiét do t°C duoc tinh nhu sau (Phan et al., 2020):
0,116 + 0,00335.t°C gam
.V D.1{——
1= (0,116 1 0,00335,oC) " water (mD) Car)

mgpp(gam) = ml (2)

Biéu thirc xac dinh khdi luong tap chat can cho vao dung dich KDP twong tng véi

A ~ A < Je d 1A 1y o
noéng do phan tram s6 mol C, P*™" bat ki c6 dang:
%
dopant
mgpp Co,
m am) = ——. M (3)
dopant(g ) thDP 100% dopant
dopan

Trong do: C,, ‘1a ndng d6 phan traim s6 mol ctia chét pha tap (ti s6 phan tram gitra s6 mol
chét pha tap va s6 mol KDP)

Hai biéu thtc (2) va (3) duoc sir dung dé tinh toan khdi luong KDP, CV va EDTA can
thiét dé tao thanh dung dich KDP tinh khiét, KDP pha tap CV, KDP pha tap EDTA va KDP
ddng pha tap CV-EDTA béo hoa tai 50°C. Binh dung dung dich nudi dugc sir dung 1a binh
dinh mtc vi hinh dang cta né phu hop véi dic diém cua ki thuat SR.

Nwée cat
Dung dich KDP Dung dich KDP _,Binh dinh mirc
B&t KDP pha tap EDTA dong pha tap CV
va EDTA Dung dich
néng 3 lan
Bot EDTA 1% -] pung dich dwoc
-] rét vao cac binh
dinh mirc (SR)
Bot CV 0,0001;  Nwérc cht Dung dich CV Cacbinhdungdich _ '
0,00025; 0,0005% KCVE duoc dit vio  Tinh thé
[ —+ 4 —> Bo didu khin bdn nuditinh thé ~ mam KDP
- " nhiét d& |:-—|

Dung djch CV

dwec khudy tir — Bén nubi
trong 24 gi&» tinh thé
bién tro nhiét
Nwé&c trong bdn nudi tinh thé dwoc —g‘;’nﬁ:g:
ha nhiét dé vé&i téc do 1°Cingay -
Nuwéc

Hinh 1. So @6 minh hoa quy trinh ché tao cdc don tinh thé KDP dong pha tap CV
va EDTA bang phwong phap ha nhiét do va ki thudt SR
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Trude khi cac mau dung dich nuoi dugce rét vao cac binh dinh mirc, chung duogc loc
néng ba 1an bang gidy loc c6 kich thudc 16 10 pm dé loai bo tdi da cac di vat co trong dung
dich. Cac tinh thé mam KDP duoc gén chdt trén cac nlt cao su voi truc quang hoc cia tinh
thé hop v6i phuong thang dimg mot goc 41°. Cac niit cao su ¢6 gan tinh thé mam duoc day
kin vao phﬁn miéng cua cac binh nudi. Cac binh nudi dugce dbe ngugc 180° mot cach nhe
nhang va duoc dit vao bon nudi tinh thé. Qua trinh nudi tinh thé bit dau dién ra tai 50°C.
Nhiét d cua nudc trong bon va nhiét d6 cua dung dich nudéi dugc ha dan dan véi tée do
1°C/ngay. Toan b céc budce vira trinh bay dugc minh hoa ¢ Hinh 1.

Sau 30 ngay, nhiét d6 cua cac dung dich nuoi & mue 20°C. Luc nay, cac don tinh thé
s€ duogc léy ra khoi binh nuéi. Ching duoc cit thanh cac mau dang khoanh. M&i mau dugc
mai nhin va danh bong dén khi dat d6 day 10 + 0,3 mm (Hinh 2). Bang 2 liét ké ki hiéu viét
tit ciia cac mau tinh thé.

T
415 16 17 1b

KCV-10

& 1112
G

KCVE-25

16 17 18 19 24
KCVE-50

Hinh 2. Anh chup cdc thanh don tinh thé KDP va cdc mau tinh thé KDP
diege ding dé khao sat
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Bing 2. Ki hiéu viét tat cia cdc mau don tinh thé KDP

MAu Viét tat
KDP tinh khiét KDP TK
KDP pha tap EDTA ndng d6 phan trim s6 mol 1% KE
KDP pha tap CV ndng d6 phan tram s6 mol 0,0001% KCV-10
KDP pha tap CV ndng d6 phan trim sb mol 0,00025% KCV-25
KDP pha tap CV ndng d6 phan tram sé mol 0,0005% KCV-50

KDP dong pha tap CV nong d6 phan tram sé mol 0,0001% va EDTA nong &6 KCVE-10
phan trim s mol 1%
KDP dong pha tap CV ndng d6 phan trim sé mol 0,00025% va EDTA néng 46 KCVE-25
phan trim s6 mol 1%
KDP dong pha tap CV nong d6 phan tram sé mol 0,0005% va EDTA nong 6 KCVE-50
phan trim s mol 1%

3.  Két qua va thao luin
Céac mau tinh thé s& dugc khao sat bang cac phép do: phd UV-Vis, phd EDX, phan
tich XRD va SHG. Thong tin ki thuat va thiét bj dugc sir dung trong timg phép do duoc mod

ta & Bang 3.
Bing 3. Mot vai thong tin vé cdc phép do dé khdo sdt cdc mau don tinh thé KDP
Phép do _Tén thiét bi | Théng tin ki thuat
va hiang san xuat
Ph6 UV-Vis HALO RB-10, - Vung budc song: tir 190 dén 1100 nm
Dynamica - D6 phan giai budc song: 1 nm
Ph6 EDX H-7593, Horiba - Viing hoat dong: tir 0 dén 10,135 keV
JOBIN YVON - B9 phan giai ndng lugng: 0,005 keV
Phép phan tich XRD XRD D2, - Khoang gbc 26: tir 10 dén 80°
PHARSER, Brucker - Budc nhay gbc 20: 0,020273°
Laser Nd:YAG 1064 LSR-PS-II, Lilly - Ché d hoat dong: lién tuc
nm Electronics - Cong sudt 16n nhéat: 1 W
SHG Kinh lgc 1064 nm Omega Do truyén qua tai budc song 1064 nm la

0,19% va tai budc song 532 nm 1a 95,56%
May do cong suat Mobiken LP1, Sanwa - Vung hoat dong: tir 400 dén 1100 nm
laser - Khoang do: tir 0,1 pW dén 40 mW
3.1. Phé UV-Vis SHG
Phd UV-Vis (Ultraviolet-Visible) 1a phép phan tich thong dung dugc dung dé danh gia
do truyén qua hay do h?ip thu quang hoc, su hién dién cua tap chit va su hoan thién ciu trac

ctia mot mau vat. Hinh 3 thé hién phd truyén qua UV-Vis ctia cac miu tinh thé KDP.

1023



Tap chi Khoa hoc Trwong DPHSP TPHCM Lé Thanh Duy va tgk

—‘ﬁ\"w | e
80 80
< = /
£ 60 & g0t
© ©
=] 3
T 3
c =
i% 40 - ;q:g‘ 40 -
- ——KDP TK = KDP TK
& 20 KE 8 20+ —KE
= ——KCv-10 ——KCVE-10
——KCV-25 1 ——KCVE-25
——KCV-50 —— KCVE-50
05 : : ——t 0] : : : :
200 400 600 800 1000 200 400 600 800 1000
Budc s6ng (nm) Budc séng (nm)
(a) KDP TK, KE va cac mau KCV (b) KDP TK, KE va cac mau KCVE

Hinh 3. Phé UV-Vis ciia cdc mdu tinh thé KDP TK, KE, KCV va KCVE

Mau KE c6 d6 truyén qua cao hon mau KDP TK. Trong ving budc song tir 400 dén
1100 nm, d6 truyén qua ciia n6 trong khoang tir 79 dén 84%, cao gip tir 1,08 dén 1,12 lan
do truyén qua cua KDP TK. Nhu vay, su xuét hién cua phu gia EDTA trong dung dich nudi
KDP di giup cai thién d6 truyén qua quang hoc cua tinh thé KDP.

Déi voi cac mau KCV, chiing ¢ sy khac nhau dang ké vé do truyén qua tiy thudc vao
nong do phan trim s6 mol CV. Mau KCV-25 ¢6 do truyén qua cao nhét trong toan viing budc
song khao sat, cao hon ca miu KE. Tai hai budc song 1064 nm va 532 nm, do truyén qua
ctia mau KCV-25 1an lugt vao khoang 83% va 86%. Hai mau KCV-10 va KCV-50 c6 do
truyén qua bi gidm manh, thép hon 50%. Nhin chung, su hi¢n dién cua chat mau véi néng
d6 thich hop bén trong tinh thé KDP c6 thé 1am ting do truyén qua quang hoc cia tinh thé
(Velikhov et al., 2007; Phan et al., 2020). biéu nay da dugc thé hién & mau KCV-25. Chit
mau CV 0,00025% c6 mit bén trong tinh thé da gitp ting cuong mat do lién két hydrogen
ctia KDP, tir d6 cai thién do truyén qua cua tinh thé. Tuy nhién, & ndng do phan trim s6 mol
CV cao hon (0,0005%), chat mau CV lai gay ra nhiéu sai hong hon bén trong tinh thé. Tac
dong “gay hai” cua né tré nén chiém wu thé hon so voi tac dong “cai thién”. Vi vay, mau
KCV-50 ¢6 d¢ truyén qua twong ddi thap, thap hon mau KDP TK trong viing budc song 400-
1100 nm. Trong khi dbi véi mau KCV-10, ndong dd phan tram sé mol CV 1a nho nhat nhung
do truyén qua ctia n6 lai thdp nhat. Bén canh ndng d¢ phan tram sé mol CV, d6 truyén qua
cda nod con bi chi phéi bd1 mot yéu td khac, d6 1a vi tri tuong ddi cua vung bién 1éch mang
(growth sector boundary) so v6i vi tri do phd. Tinh thé KDP c6 hai mit ting truong 1a mat
(101) va mat (100). Hai mat nay co tdc do phat trién khac nhau tuy thude vao loai tap chét
va nong d6 phan trim sé mol tap chat co trong dung dich KDP (Phan et al., 2020). Ving
giao gifra hai mdt ndy c6 su 1éch mang nén dugc goi 1a “vung bién 1éch mang”. Vung bién
léch mang 1 noi cac phan tir chat pha tap bi “giam git” nhiéu nhat. Ving bién 1éch mang
khong ¢d dinh ma co su dich chuyén trong mat phang ndm ngang trong sudt qua trinh don
tinh thé phat trién. Nong do phan trim s6 mol CV 0,0001% trong dung dich KDP c¢6 thé da
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giit cho viing bién 1éch mang chi tap trung & vi tri trung tim ctia thanh don tinh thé, ciing 1a
vi tri méc dinh cta phép do phd UV-Vis. Vi vay, mau KCV-10 cho d truyén qua kha thip
vi anh sang chiéu t6i bi tan xa kha nhiéu do su 1éch mang nQi tai cda tinh thé.

Ddi voi cac mau KCVE, do truyén qua cua chung déu c6 su cai thién rd rét so v6i cac
mau KCV cung néng dd. Mot 1an nita, EDTA da thé hién vai tro cta nd trong viéc nang cao
chat luong tinh thé. Mau KCVE-25 van cho d¢ truyén qua cao nhat, ké dén 1a miu KCVE-
10 va KCVE-50. Mau KCVE-10 ¢6 d6 truyén qua cao hon mau KCVE-50. Sy ¢6 mit cua
phu gia EDTA trong dung dich KDP di lam dich chuyén ving bién 1éch mang khoi vi tri
trung tAm cua mau KCVE-10.

3.3. Giin dé XRD

Phép phan tich XRD (X-Ray Diffraction) gitp danh gia cdu trac tinh thé va pha tinh
thé co trong mau vat. Cac mau tinh thé KDP dugc nghién thanh bot khi phan tich XRD. Gian
dd XRD va thong tin vé cac héng ) mang cua cac mau tinh thé KDP duge thé hién &
Hinh 4 va Bang 4.
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Bing 4. Théng tin vé 6 mang cia cdc mau tinh thé KDP TK, KE, KCV va KCVE
co dwoc tir phép phan tich XRD

Cac hang so mang

Miu O mang _ _ _ Thé tich (A%)
a(a) b (A) c(4)
KDP TK T phuong 7,4672 7,4722 6,9909 390,0671
KE Tt phuong 7,4112 7,4112 6,9194 380,0541
KCV-10 Tt phuong 7,4620 7,4620 6,9614 387,6208
KCV-25 Tu phuong 7,4272 7,4272 6,9752 384,7750
KCV-50 Tu phuong 7,4364 7,4364 6,9634 385,0763
KCVE-10 Tt phuong 7,4490 7,4490 6,9192 383,9298
KCVE-25 Tt phuong 7,4024 7,4024 6,9869 382,8508
KCVE-50 Tu phuong 7,4087 7,4087 6,9831 383,2942

Gian dd6 XRD cua cac mau tinh thé khong cho thdy c6 su khac biét vé sb luong dinh
nhidu xa. Khong co pha tinh thé nao cta chit pha tap va pha tinh thé méi xuat hién. Tuy
nhién, cac miu KE, KCV va KCVE déu c6 thé tich 6 mang nho hon mau KDP TK. Thé tich
6 mang ctia cac mau KCVE déu nho hon ciac miu KCV ¢ cing ndong d6 phan trim sd mol.
Nhu vay, cac chat pha tap di gy ra Gng suat nén bén trong tinh thé KDP. Phy gia EDTA da
ngin chin cac ion kim loai ning c6 mat trong tinh thé KDP, nho d6 1am ting do két khdi cua
tinh thé. Con chat mau CV (vdi cac nong do phan tram s6 mol khao sat) da ting cuong lién
két hydrogen trong tinh thé, lam giam khoang céch gitta cac phan tir ciia KDP, dan dén viéc
giam thé tich 6 mang.

3.4. Pho EDX

Pho EDX (Energy Dispersive X-ray) 1a phép phén tich dya vao tia X dé xac dinh thanh
phan va ham luong nguyén té héa hoc ¢6 trong miu vat. Viéc do phd EDX gitp khang dinh
su hién dién cua cac chat pha tap trong cac mau tinh thé KDP. Phd EDX cutia cAc mau tinh
thé dugc trinh bay ¢ Hinh 5. Phan trim khéi lugng nguyén tir va phan trim sd nguyén tir
ctia timg nguyén td trong cic mau tinh thé dugc thong ké ¢ Bang 5.

Céc dinh dic trung cho cac nguyén t6 cia KDP nhu 13 oxygen (O), phosphorus (P) va
potassium (K) déu dugc ghi nhan trong cac phd EDX. Céac nguyén t6 thudc vé chat pha tap
nhu 1 carbon (C), nitrogen (N) va chlorine (Cl) chi chiém ti 1& phan trim vo cung bé trong
cac mau tinh thé. Mot sb mau co6 ham lugng cac nguyén td nay nho dén mirc nam ngoai
pham vi dinh lugng ciia may do. Mac du vay, cac dinh nang lugng tia X dac trung cia cac
nguyén to ndy van c6 thé thiy duogc khi ving phd dugc phong 16n.

Két qua do phd EDX di gitip khang dinh sy hién dién ciia CV trong cic mau tinh thé
KCV va sy hién dién ddong thoi cua ca CV va EDTA trong cac méu tinh thé KCVE. Néi
cach khac, viéc ché tao cac don tinh thé KCV va KCVE di that sy thanh cong.
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Hinh 5. Phé EDX ciia cdc mau tinh thé KCV va KCVE
Bing 5. Phan tram khoi lwong nguyén tir (w%) va phan tram sé nguyén tir (a%)
trong cdc mau tinh thé KCV va KCVE dugc xdc dinh tir phox EDX
Mau

=) .

= NANg TIAVI0 . KCV-25  KCV-50  KCVE-10 KCVE-25  KCVE-50

<. lugng

2" keV) w% a% w% a% w% a% w% a% w% a% w% a%

C 0277 630 1049 396 692 63 10,87 1046 157 625 11,19 851 13.56

N 0392 rt rt rt rt rt rt 841 1083 59 906 7.79 10,64
0,017

o) 0’5 ,5 5245 6562 4939 6484 47,69 6172 51,55 58,08 3545 47.64 4587 5495
2.014

P 3o 2065 1334 22,54 1529 2194 1467 1452 845 22,79 1582 1806 11,16

cl 28 rt ottt ottt rt 001 001 008 005 004 0,02
0,262

K 3,314 20,60 10,55 24,11 12,95 24,07 12,74 15,05 6,94 29,52 16,23 19,74 9.67
3,590

Tong 100 100 100 100 100 100 100 100 100 100 100 100
rt: rat thip
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3.5. Phép do SHG

Céc mau tinh thé KDP dugc do SHG vé6i ngudn laser Nd: YAG budc song 1064 nm tai

cong suat 1 W. Bo kinh loc 1064 nm duge dat phia sau tinh thé. May do cong suét laser duoc

dat phia sau bd kinh loc dé ghi nhén anh sang 532 nm. Hi¢u suat SHG cta cac mau tinh thé
duoc minh hoa ¢ Hinh 6.
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Hinh 6. Hiéu sudt ciia cdc mau tinh thé KDP TK, KE, KCV va KCVE tai ¢éng sudt laser 1 W

Mau KDP TK c¢6 hiéu suat SHG thap nhat (0,022%) so v&i ciac mau tinh thé pha tap.
Diéu nay da cho thay vai tro ctia cic chat pha tap trong viéc nang cao hiéu suat SHG cua tinh
thé KDP. Mau KE c6 hiéu suat SHG 14 0,040%, cao gap 1,82 1an KDP TK. Trong s cac mau
KCV, mau KCV-10 cho hiéu suat SHG cao nhat (0,053%), gip 2,41 lan KDP TK. Mau
KCVE-50 cho hiéu sudt SHG 16n nhét trong s6 cac mau KCVE va ciing 1a 16n nhat trong sd
cac mau khao sat, cu thé hiéu suat SHG ciia no 1a 0,065%, cao gap 2,96 lan tinh thé KDP
TK. Két qua nay da cho thiy viéc dong pha tap CV va EDTA vao tinh thé KDP da giup cai
tién hé sb quang phi tuyén bac hai, tr d6 nang cao hi¢u sudt SHG cua tinh thé mot cach vuot
trgi so véi viéc khong pha tap hay chi pha tap CV hay chi pha tap EDTA.

Hai mau KCVE-50 va KCV-10 c6 hiéu suat SHG cao nhét trong sé cac miu khao sat
mic du ching c6 do truyén qua quang hoc thap nhat. Do truyén qua quang hoc cua tinh thé
khong phai 13 yéu t6 duy nhét quyét dinh dic tinh quang hoc phi tuyén cua tinh thé KDP. Su
hién dién cta chét pha tap trong tinh thé & ham luong vira phai — yéu t bi chi phdi bai nong
d6 phan traim sb mol chat pha tap trong dung dich va vi tri twong d6i ctia ving bién léch
mang so voi vi tri do dac — méi dong gop dang ké vao viéc nang cao dic trung quang phi
tuyén ctia KDP. Ngoai ra, hiéu suat SHG cua cac mau tinh thé s& con cao hon khi cong sut
laser ngd vao tinh thé 16n hon.

4. Kétludn

Céc don tinh thé KDP tinh khiét, KDP pha tap EDTA, KDP pha tap CV va KDP dong

pha tap CV-EDTA da duoc ché tao thanh cong tir méi trudng dung dich bang phuwong phap
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ha nhiét d6 va ki thuat SR. Cac don tinh thé dugc dinh hudng phat trién theo goc hop pha
41° twong tng laser budc séng 1064 nm. Nong do phan tram sb mol EDTA trong cac dung
dich nuoi 1a 1%. Né)ng do phén tram sb mol CV trong cac dung dich nuoi 1an luot 12 0,0001;
0,00025 va 0,0005%. Két qua do phd EDX di thé hién sy c6 mit cia CV va EDTA trong
cac mau tinh thé KDP pha tap. Phép phan tich XRD da cho thiy cac chit pha tap da ting
cuong mat do lién két hydrogen trong tinh thé, gy ra tmg suat nén va lam giam thé tich 6
mang cta tinh thé KDP. Phd UV-Vis phan anh anh huéng cta ham lugng CV c6 trong tinh
thé dén chat luong va do truyén qua quang hoc cua tinh thé. EDTA gitp nang cao chat lugng
quang hoc va su hoan thién c4u triic cia KDP. CV gitp cai thién do truyén qua, do két khdi va
tinh chat quang phi tuyén cua tinh thé KDP khi n6 hién dién trong tinh thé véi ham lugng phu
hop. Ham lugng nay tity thudc vao nong do phan tram s mol chat pha tap trong dung dich va
vi tri twong ddi cua ving bién 1éch mang so véi vi tri do dac. Do truyén qua cao khong phai 1a
yéu t& quyét dinh hiéu suat SHG cua tinh thé ma 1a ham lugng phi hop chit pha tap c6 mit trong
tinh thé. Viéc d@)ng pha tap CV va EDTA vao tinh thé KDP that su da tan dung dugc uu diém
clia timg chat pha tap. Mau tinh thé tot nhét trong nghién ctru nay la KDP dong pha tap CV
0,0005% va EDTA 1%. Hiéu sut ciia n6 cao gap 2,96 lan tinh thé KDP tinh khiét. N6 1a Gmg
vién pht hop dé 1am bd nhan doi tin s6 laser trong cac ing dung thuc té.

R/

% Tuyén bé vé quyén loi: Céc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

R/

< Loi cam on: Nghién ctru duoc tai trog béi Trirong Pai hoc Khoa hoc Tw nhién, Dai hoc
Quéc gia Thanh phé H6 Chi Minh trong khuén khé Dé tai ma sé U2022-03. PHQG-HCM.
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ABSTRACT

KDP (Potassium Dihydrogen Phosphate) is one of the typical nonlinear optical crystals.
Current research trend on KDP crystals is the doping of organic compounds into them to improve
their second-order nonlinear optical coefficients. In this paper, KDP single crystals were grown from
KDP aqueous solutions containing only Crystal Violet (CV) dye, only Disodium
Ethylenediaminetetraacetate Dihydrate (EDTA) salt, and both CV and EDTA by the temperature
reduction method and Sankaranarayanan-Ramasamy technique. The molar percentage
concentrations of CV are 0.0001%, 0.00025%, and 0.0005%. The molar percentage concentration
of EDTA is 1%. The doped KDP crystals were evaluated for elemental composition and crystal
structure, respectively, by EDX spectroscopy and XRD patterns. Some of their optical properties
were investigated through UV-Vis spectroscopy and Second Harmonic Generation (SHG). The
obtained results showed the influence of CV, EDTA, co-doping, and concentrations of CV on the
properties of KDP single crystal, especially the SHG efficiencies of the crystals. The results of this
study could be used to expand the application range of KDP crystals in laser-based optical systems.

Keywords: Crystal Violet; co-doping; EDTA; KDP; second harmonic generation
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