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Abstract

Project Code : MRG5580007
Project Title : Growth of ferroelectric tri-glycine sulphate doped potassium

dihydrogen phosphate single crystal and its characterization

Investigator : Dr. Urit Charoen-In, Department of Physics, Faculty of Science,

Mahasarakham University

E-mail Address : neourit@gmail.com

Project Period : 2 years

Potassium dihydrogen phosphate (KH,PO, KDP) single crystals have been long
studied due to their non-linear optical property. Also, these crystals can exhibit some
ferroelectricity when applying an external electric field. In the absence of the external
field, the remaining polarization is weak, and hence, the applications of KDP in the
electronic industry are limited. In order to enhance the ferroelectricity of the KDP
crystals, tri-glycine sulphate (TGS) was added to the KDP solution and then the doped
crystals were grown using the slow evaporation method. The results show that the
properties of TGS doped KDP crystals are similar to those of the pure KDP. However, the
ferroelectricity of the TGS doped KDP has been improved by the small addition of the
TGS. These reveal that the TGS molecules may disrupt the KDP lattice and hence, lead

to the enhancement of the built-in polarization.

Keywords : Single crystal; X-ray diffraction; dielectric properties; ferroelectric properties
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feleinaafie aud@sneg veswdnivgnld 1y aud@ideinuaansuuuliiady audd
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= [ 2 A [d = = a v 1 [
nan 1uvesulsniiesdusenauiluesney lesou nIeoluana In1sseeitegradu

aa = v Y a

suouluszuuaudd Baduiieussuiasineg wdrneduluguisvndaeneiveasudazyiin
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nanUsznavlumeniisndniivuinidnsiuiuuinsiusinesududunan Tnendniiindull

Y

dnwafwouvaivieveuds Jadnmafeaansiogluaniurfiiavszninsveaudefuveamad
seflanudussidevlunsiaisedduanaluuisfienis adreivvesdawsvasiiediuaiuisalva
Widluuafimmeednefvresvar udlulassnsidedanduiindnvonds msendnuseinnis
Tassadfiuszneuseeyniadssiusgossiissidovuvuun Uszneufufundniinudiouas

anunsavszenaldaulavainany

=2

Tunsugnwdnifes suavesdnaunsaiasusladladuivanzvasiiaadundn lny

nanvuIn v aziinainnsanuanfiazios luasavareNouddeeandntes Wy naninly

'
v Aa

sssumRvzivualng urdndinisanudneg1eninisianansazarendumdeein aglananftlvunn

dnduauann lngerainanmauasuulaeaumaiieg 1955 MatunsAuANeIRUsEnauLae

Aawndeusngg JsllmnudAtysonsyuiunsugnuan

Ingsssupfaseiunidndurewdmnvinonnduunseniduingidundn (crystalline

9

= a v a U

material) w3e1uingedugiu (@morphous material) lnefindnaziinsdnisesdiivetoznounse
lovausailesiuegindussideu dwingadugiuazinisdnisesivesesnauliidusadeu wu

WA WANERN



NANUSENBUAYRIRUSENBUARIAIUAD wandia (lattice) way WwTd (basis) lnekaniie
=~ ' A AN v P A ) a A A = P
Ao NauUDIATIuiazalianvuzwIndeunilouiuluyniienie uwasluda Ao oznauvsolooaud
agRNAUARTIY 1Y lavisuTansasiivdanUsenaulumeesnon 1 ezmouniewisdlinasnay
1Y < a a a" % =1 ¥ = al'cu % dy
win L TulanenanenaluTanUs N UMENaI8 LB AL NN LATIAS19VBINANTITUT D UL
1519193UAUNTHANUTENBURIEVLIBLENE anvazmlouiunnUsemMviun
1 a % 1 < dy |3 Y3 o [} = 1 d' d' [y =2 al
JUTN uagfianne wavanunsaldmbeang dldudmunudmiunisfinesineg Adedtundn 5en

wiheldne 491 whewad (unit cel) mhawasoallsvaswun ualaeyllagidenmiisas

@ ]

Manfgasend1 ndelgaawsnisy (primitive cell)

YIAkarsUSIvemlswadesuglamenees 3 nnwes laun a, b uway ¢ #1a1NN

garuda a yulagundwewmihewad wazyuszninwanmesie 3 laud 7, oL uaz B Benvun
YUINMDITWAZYIIMETTEIN waniiwnidiwes (lattice parameters) ¥38UNNATITENTY AAIG
a . o =] 2 I3 13 & = o
wan¥ie (lattice constants) Aakandluninig 5 LR UIgUUDIAUTZNDUNUFIUVDINAN NYE
auiAnnuauannsvewaniudadedrfglunismvueaudfnneg  vewdn @y Anuuds ag

1Y a 17
@mﬂﬁuuaﬂ LL@SLLGUW&NWU@LgﬂGﬁ@u

{ 1% a a (3 1 18
af 5 lassasnsuandie YALAANY LLASLTAANUIY

" Richard J, Tilley D. Crystals and crystal structures. 1"ed. New York: John wiley & sons; 2006. p. 2-3.
** Charles Kittel, .Introduction to solid state physics, eighth edition
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2.1.1 szuulAsedsIanan

Tunsdl 3 95 wandigasynlmAnsEUUREN 7 STUUNkanmaeany kaslulaasssuuenaiinig
o a a ! ) v o 9 a a ] v O a ' & a
Inssuanienuans1aulaonyinlalauan AeuanAaiuyaiun 14 wuu 138071 USIIdLanTe
(Bravais lattice) flanandlumsned 1 waznmi 6 nseduielanfismaildnazlddydnvallaun P
(1139 R), |, F uag C liiouanmNuLanAesyninalanfiguuwsnida (primitive), Wuuuamdunes
(body-centered), uuuwmdunes (face-centered) uagwUULUTIGUMBS (base-centered)
PINEIAU LY WAGRUULINLSY Aziigananiigiansiiusuvemithuwaduasluwiasieady

fifles 1 uandfiointu drunanfisigenndudouiunaziidiuivezneunaniiswadiiuiu

JYUUREN ANNYNINUVBIETAR VUAYDIYHUYDINUIBLTAE
anulAn a=b=c a=p=y=90°
wasylnia a=b = c a=p=y=90°
palnsauin azb e a=p=y=90°
Luluedin azb e a=y=90"%p
lnsndin azbh=c a#f#y#90°
wnvelnues a=b = ¢ a=4=90°y=120°
seuluanda a=b=c a=pf=y#90°

A15197 1 STUUNAN
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°
Simple Face-centered Body-centered
cubic cubic cubic
L]
Simple Body-centered Hexagonal
tetragonal tetragonal
LJ L
b
] L e
>—
LJ [
Simple Body-centered Base-centered Face-centered
orthorhombic orthorhombic orthorhombic orthorhombic
w ﬁ af @
Simple Base-centered Triclinic
Rhombohedral Monoclinic monoclinic

=] 1 s ! o 19
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AUVAUIVDIANTY
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[

Ju xy,z 1w ga 1,1,1 Wudumiegiindn x = 1,y = 1 wag z = 1

ANI9VBILANTY
va a & a o w P a = a ) P P a X
ns3nAvewanwtuiinuddgyedddunsfinuifeddiundn  Wewinfiamamaiil
DNAUANVAUNUSAULAY  (axis) VBINANMIGIUNITNAADI939 WU wNUYBINISNA  (axis  of
. % a [~ %
compression) Tuingass 10usu
a o Ao v & ¢ a I a =~ <
wrvemaniillassaalugnuiadasidewdy [uw] legiirveaninagiuwiiveawny
1 QI 2 dl U U = U o 1 L3 dl
HILRASHAUTYA 0,0,0 lUAnduLnuvamEn tnadaiuinuvamiewad a, b uaz ¢ 9 u v wag
w gelisndusaadudnwdy azld [uww] Wusvivusniaveauinnuiy Insassuluindu

[]aue

19 ad a P =
E‘Ziﬂﬁu auﬂmmw LE]ﬂﬁ'ﬁﬂ35ﬂ@UﬂWiﬁQUIﬂﬁ\‘lﬂi'N‘U@ﬂ‘U'ﬂﬂLL%QNaﬂ 2552
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LidAwes u v waz w azdudnuiuviarvdiing ssgniddeuliduadiuiu
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YUV ILNUAINEIINE
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f_\l

(3

Junsznavesdia (family of directions) Falunsdisegeliiviovun 6 fiel andeufiefidusun
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o
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Tuieeznay losau wse luana NseeiueguuszuIUL LAAETEUIUAETANULANANIAY LYY
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3385ﬁ7ﬂi$%370@3@@ﬂ%8§ AN uiuiumuwmmumammmm AuluisnenafiansunseuIuYes

8 = Y !

wAnlnenisindadumneg vesniiowwad flo1aasidoingusneg fuunuvesmiioead uay
anunsaldivifiaesiluivenssuulduiertunisveniia lneszurumaiiazgnimualag
drunauvaaadafszuutulufniuwnuuendn

-

deyanwalfldunuszuuleg e (hk) szurvvewdnav@oulilurnduiaue Inefiszuny

>

(hkD) zsinfuwnuueandniisunus 1/h, 1/k uaz 1/0 audiu wu drgednvesszuiudu 1/2,
3/4 war 1 anuaeu azlddiunduvesgadaidu 2, 4/3 waz 1 e liluduifawesazle
° s v a P Y a a ] &
ANtesigare (643) svuinaNuevasanisniwesiuisazunudy a, b uag c 9y
loyednunu a, b uay ¢ Ao a/h, b/k wag o/l muaey

lunsaliiszunvruuiuwnuveran hlvigadnegszevetiud  Fazaennnediuaviliia
d'

wosTiugue Wy seunU (110) eAnWNUTRENveINENTIgn 1/1, 1/1 uag 1/0 wsell 1, 1 uway

00 1ULDY

%4 LY

= a1 & A « 3 = ¢ 1Y Y] & |
D19ARALNUVDINANNALTURU "U%Ial,?’\lﬁaﬂﬁil']ﬂ -7 %199 U1s (bar) VL']‘U‘UW']LaGEJuu bYU
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(113) paneiuseinlguanid wasluinusadediu auiuesssuruindevaanenu wu (111), (1

11), (117), (111), (111) waz (111) 3eninlunsznaresszuru (family of planes) ) Gdlunsdld
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finaue 6 seunu waslsuszunuiduiununsegavesszuiuianee {111} uazlunsdvalun

o v L4

alddudnwaidu {hk(}

o

[

dwiunaniillassasluszuugnuiad sz (k) e azdsanduiianiiausiviliia
weslAedtuanefe [hkl wu sraunsaiigaulddnszuiu (111) dnduiia [111] uileulydl

g1aliaSedmsussuundndu a1l 7 uansegressnunddglussuugnuien

o

= v A =~ 20
AMA 7 Aegnefianislundn

2.2 wailan1sugnuanaNEsazae

nsUgnranaInansarateiivaneld Benudfeilldisnisugnudnainansarangiuunsiy
WazMIUANKNENLULLARNSUTOUUUTIANIALAL?

2.2.1 MIUgNNANLUUALANA NG TALANY

= < ° v o § ¥ a = v o
n1sugnuananasazaredunisiharsidesnsvitbifiondn lWazarsluditazane

unseislaansazaneduii udaslidviazangiinnsseineogetng antuaIsazalgaziie

NM38uAIB3e9n lngansazuendieanuiainalsazareluguveands nszuiunisilisendn n1sen

WAN (crystallization) Wagansaraieaus Mvdesgluaisarale 13801 mother liquor

% Charles Kittel, .Introduction to solid state physics, eighth edition.
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Solubility curve

Temperature ———
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AT 8 AUEILNSalUNNSATANYUBIANSAeNa LY

n1sUgneananaITazateaunsainlalagnisaivaNgungl wazaAduduYes
asazansliiegluuiinaiiBendt Ui metestable zone 9MNAMA 8 9gLiudn nFINAL
uduvesansazansgnudseeniduaesudnmdieidu solubility curve wanaglianunsoifntuld
Tudlufiudnadisnindu solubility curve ins1zansazarglutinniiliiansdud dusuqe
ﬁa&uiuul,ﬁu solubility curve Huiduiiansazaneduei mnﬁ@mﬁﬂLLazmiazmamaaaﬂiﬁauﬂaﬁ’u
wAndsliladuvdovesuuinld druvinuiegmiedu  solubility curve asifuuTianil
ansaraneifinAudNiiBeein nandsenansalavdevsnsvunld deanunsautseenduasiuiion

Ao labile zone WuusnanndniAntulaesliaunsamuaudnyazveanIsiiald wazuiiau

1 A L =

metestable zone Fuduusannanaziintulanfaiioannszauainnieusn Faunfteuly

Y 9

seed w3ailandnvuindnunuiisnilifandnseiiewinuanainand datu Jsaunsanlunu
nsinnantuuTHaildlagn1srIvaNgamiiiuANUuTuNmINg Y

1981901138 EANINTURNNANAINETALAIEAILNTITNITURNUUUALAN LYY K

a aa a s 22 = & = = Ao )
lawuiingladeu lelasau ea mimse Wlulawse ™ Fadunisfinwinisugnuanifidiunay

2k Sankaranarayanan, P. Ramasamy, Journal of Crystal growth, 208 (2005) 467-473.

*U. Charoen-In et al. Integrated ferroelectrics, 149 (2013) 107-113.
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Y0INIANISNGA seaudeslsdidnnin amil 9 uanwedsvedndinanldaindanudn

LUUAILAL

A 9 wanlaumuilinaliavieu lalasiau wa minse lululawmse

2.2.2 msUgnuanuuuiiANIefel 3935108013

31NN15ANYIYBY Sankaranarayanan Wag Ramasamy WUIEUNSALRBNTEUIULALTA
mansiinvesdnle lnenstsduiianansasaivlavesdn 35n1sisendt nsugnudnuuy
AMNN9AEY %39 Sankaranarayanan- Ramasamy method (SR method) AMW#l 10 wamen1s

Ugnuanemelzeangn

2> Porous Seal
—> Ring Heater

> Glass Growth
Chamber

e “_ 3> Saturated Solution

———> Outer Shield

— Seed
+—— Mounting pad

o = a a 23
AN 10 ﬂ'ﬁ‘UQﬂNaﬂLLU‘UWﬂVﬂQLWUQ

2k Sankaranarayanan, P. Ramasamy, Journal of Crystal growth, 208 (2005) 467-473.
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A1NNINN 10 ﬁ]gLWu'DWIUﬂqﬁﬂgﬂNaﬂﬂfJEJ')ﬁULi"]a']llrﬁﬂLaaﬂigqusU@Q seed WNUUMD

wilgrhnsesydulavesw@n vilinanvegauinlussurursefianieisesnisia 1neul seed

'
v Aa

TUraliduansvesiaaannaasd anuuldisnisamvanaunliie linan12edusdsenly
9 9 Y

Ushaiidudanu seed lngldunainainuseumuangamgiilvusnamuuulaumaias luvae

a a ¥ |

MUSUAUA1N (nile seed) Hgaumaiian NindzAoeY LANNTLUIUNIBTIANIIYE seed FANN

711

P o 1 = = = a =
AN 11 C‘nafJ'Nﬂ'ﬁLa@ﬂiguq‘UeﬂaﬂNaﬂIUﬂ']iﬂqﬂNaﬂLLUUWﬂWWQL@Eﬂ

nsUgnwiinannansazatememalianisugnaaniuuiiamadgilasuaudeuwnsvate

Y =

wisrzanusatildugnuanidaiaueansnlaidugadu niondnvesarsauq ivbrlandnid

Aaunmasaldiunu lulagdumaliansugnuaniuuiiamasies gnitaunuegieseliieite

(%
(% va

Ugnuanifedvesansyiindies ndnfivgnatedstiinanmiaay neaudiniuaauavaudinig

24 25
AYNTIN

 Urit Charoen-in, P. Ramasamy, P. Manyum, Journal of Crystal Growth, 318 (2011) 745-750.
% Urit Charoen-in, P. Ramasamy P. Manyum, Journal of Crystal Growth, 312 (2011) 3269-3275.
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2.3 AANUAA VBINEN

2.3.1 aauanUAviAuAaasuuulidadu (Nonlinear optic)

vimumansuuulsiidadudumymiweansinvniertuuadieunefmainssuveuas
deidumarusanarsuuuliiBadu vlilaunlalnavesuszanelusinarafnnsiuasuuas
wazvi A nanlseduiRnnisidsundasdoauliivesuasiiiiudluannsusnuuulaings
B Beimumansuuulidaduilasunfesfedulfiame fuuasiifinrandugs (Aossaunslaih
Wigufivawulniiseninezaeu laeunid 108 V/m) 1w uadawes s virumansuuuliids
Gugndunuduafausnlag Franken uavaniy uminendeidunu Tud 1961 ndsinduny

LA AT N b U

Nonlinear optical crystal

Second harmonic
Fundamental wave
wave

Invisible Light ; Blue Light

wavelength: 980 nm wavelength: 490 nm

{ a a { 'Y} a o & Ta v 26
ail 12 msinenslulianaeswesianduinuamanswuulidady

a o/ s

Al 12 uansdnuvaizmsifnensludafiaesvesiagdeirumansuuulidadu Weuasi
fanudugeegauanawesidunkiuiinarsiiduiandsinumansuuuliidaduiliiae
Us1n9M3aifi3nin Second harmonic generation (SHG) #3eiingnsludaiians vinlsiaaue
duvenasiidnanaundenimilivesminueneduiy :nnmeziuiuilonane1nndy
980 wilulnsiumshutandeinumansuuulidaduninugneiuaszanaavide 490 uily
wns Beiusglovidsonsiaundnenimuesuasawesviliamsariaulivaisainud fega

Ye9a1snauTRvAuAIanskuUlUTaEy NIn1539898190I19U79

% http://sustainable-nano.com/2013/05/14/laser-science-light-can-do-way-more-than-just-bend/
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Tnunageulalalasiaunodans

Inunadoulalalasnureaun Wuasefuvsdignsluanade KH,PO, anvasluding
117 luanngiduansazatedid pH eglutas 4.2-4.7 \Wuasitlifiamnuausnaslundn Fsdana
moauURliidudaduniauaweandn KDP

a=c

a a
a P 3 27
AN 13 1ASIASINANLUULAATEINUDE

WEn KOP Usznausmiglooauuin lesouau waviuselalasiau Idnwauzlasaadimdn
wuuansglnuea fanmil 13 Tagmhewadiinnaue1iveni a wazunu b iy 7.44656 A us
wnu ¢ lAAaEawindy 7.04645 A yuszrinaunu (@ B y) iagsiedu 90 ° Tuilagtundn
Tnunadeylalalasauena  16Suanvauladeninaudfinie wu audfmeslsdibdnnin
warantfenulifudadumaas fumngdmiunaaenuiesluinfiaiuvesssuuiames
Tnwassensludnfiassuarainainanuiiugiu vonainid anuldidaduniaswendn
Tnunadenlalelnsiaunena gnldidusmsgulunsnevaussdnuasmatawondndus 3n
Pl

 prismatic {100}

, pyramidal {101}
y

o ) o = = 28
AN 14 anvazedugiurewdn nuadeulalalasiaunonia

Z Yusuke Asakuma, Qin Li,H. Ming Ang,Moses Tade, Kouji Maeda, Keisuke Fukui, , Chemistry, Applied
Surface Science, 254 (2008) 4524-4530.


http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/article/pii/S0169433208000998
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332/254/15
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wEnlnunaiden lalelnsiou veawla (OP) Y undniifinnsidoruagianinewiis
AerfvantAidsinumansuuulidadu uargnimnlfifuasunsglunveasundnaia
#ineq fiszAnsamvetantRsainardueddladedisuiundn Inunaleulalalasiaunonla
Al 15 wansogrsdnuaendn lnunadeulalelasiouenmia anamaifiuindnddnway
Ta 14ifid flounalug nsugnudn Inunadeulalslasiaunlena lnevildsuugnludianis
<100> Uag <101> mswianadananaiusavantade  waslidnsnsasayiulnveinings
31ANNSANYIYOY  Sankaranarayanan Wag Ramasamy WU 35n15UgnRaNLUUAANIGLALY

° U =2 = av o’ a ¥ 30
AUNEANANNIU ﬂ’]i‘UQﬂNaﬂLﬂ 8’3V|13J VULLDEUNIES

A 15 sanlnunade lalelasiau Woas (KDP)

a o . . 31 { o = o
INNUITeVe M. Senthil Pandian wagame Ninsnaaeslgnudntasinadu dawin
Inedsnsszinedyinazatsog19d1e lanan1smanassfiin g 16 Lazliloumanainanluniium
ANWULLANE NUIMNANAINEIEIUTORERIEUU AT AUAIEASLUU LT LAY WaraInIUITeVD

v a s ! = IS o wa a a A a a
UNINYIFAIFNTNUIN ‘Vlﬂslaﬂlﬁ]ﬂﬂa%u "ZiaL‘V\IG]LLﬁﬂﬂall‘UﬁlLW@ﬁi@Laﬂﬂiﬂﬂqu{]ﬂJ 323 L1AaU

% C. Justin Raj, S. Krishnan, S. Dinakaran, R. Uthrakumar, S. Jerome Das, Crystal Research Technology,
43 (2008) 245-247.

29U. Charoen-In, S. Ritjareonwattu, S. Harnsoongnoen, P. Manyum:, Ferroelectrics, 453 (2013) 68-74.
k. Sankaranarayanan, P. Ramasamy, Journal of Crystal growth, 208 (2005) 467-473.

31I\/\. Senthil Pandian et al, Materials Research Bulletin, Volume 47, Issue 6, June 2012, Pages 1587-1597
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2.3.2 aautfiaslsBiany3n (Ferroelcetric properties)

wleslsdianyiniluanifivesansniluaudmdliiuwinlifawuluianaieuen aisi
flaudfueslsdianninazusznoviuainlawuvesialnaluwudands fanisveslalnaszises
LY 1 < | ' 1 < | Haa ] o a1 1Y
mogralusedevlusaglawu agelsiny lawwwadiienisuugy silladenlnanlsiedu
gnd Waldawulnihannaeuenidinsedunsinsesivedauumatiu asililauuinises
aalumuiianisvesauinlniiedialuszideu Fufalnailsiwduansyu uwidnagnyndig
auulilihannaeuen Tawumwaiuazdasiesieganlussifouneluieas siliaalnan

Iswwdunande

|
-

i U U [ ! U L2 a a 32
2f 17 anudunussenandnanlsietuiuvesauuviiveaneslsd Lfﬁﬂ‘Vliﬂ

2 M. Stewart and M. G. Cain. Ferroelectric hysteresis measurement and analysis, National Physical

Laboratory. D. A. Hall. Universtiy of Manchester. 1999
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AT 17 wansliiiiugi dle E=-E, asasiilumuddngas enananlainansiuuans
anuztdunaslsdidnvsn waad19lsAny wawuAMuSauaLITAYINa18N ISR B Vel ALY

v

1§ faliu answleslsBianyiniasuanaudflanunimi 17 azdesegluaneiindsuainuiouly

]
a

wnwenaziaten1sinsesitvedamunigluiilears Fausengamgiasganaisdensauda
wlaslsdianninledn gaumgiingd (T Feluanizieamgiiainineungiingd ndnvseyly

A0UL WITIDLENNSA AI9819v83aNSNwaARIFUTRTILALLA

laslnadudainn

loslnadudamn Tgnsluanafie (NH,CH,COOH)H,S0, tinannsasaiiuse sening
lnaduuasnsndaysa ludnsidiu 3.1 Tassasmdntaslinadudams WDuwuululuediin oy
MANNNSYBIUTIE  Fanwdl 18 mirewwadiianuenvesunulivindu lnowny a fldmidy
0.9417 A upu b AW 1.2643 A wagunu c dawviiiu 05735 A wu oL wag Y davindu
90 sz B vhaalaiindu 90 wén laslnadu dawie TaudRiduludumeslsdidnnin” Jegn

luuszgnaldlugunsaiBidnnsetind 1w ensefa miearudi Wusu

AN 18 dnwaznanlnslnadudawms

K Cwikiel, B. Fugiel, M. Mierzwa, Physica B: Condensed Matter, 296 ( 2001) 361-368.
N Balamurugan, M. Lenin, G. Bhagavannarayana, P. Ramasamy, Crystal Research Technology, 42

(2007) 151-156.



22

=< a 0y s

dl = = U 35 dld wa 1 a
29 19 wanandn leastnada dawme (TGS) 1WundnifautRmdswirurianswuuliids

uazNanaInanfaunsatansautimaeslsdianvsnanae

AN 19 nanlaslnadu Jawms

Materials References Transition Dielectric constant Clx10°K) P, (uC cmr; EKVecm)
temperature (K) temperatura
T [ty Kar -
Single-component (polar) organic molecules
Thiourea 14 169 185 30 10 37 32,120K 02
TEMFO 16 287 288 10 16 - 05 -
CDA 22 397 25 - - -
TCAA 76,77 355 45 6.5 0.0076 0.2;RT 4
Benzil 78 84 88 27 36 = 10570 K
ONP 18,19 46 40 2 0.026 0.24; 10K~
TCHM 24 104 96 100 7 6= 10396 K* 2
VDF oligomer 10 - 6 13;AT 1,200
CT complexes
TIF-CA 39,44 8 B4 40 500 5.7
TIF-BA 38 50 20 -
H-bonded supramolecules

Phz-Hca 55,61 253 3041 110 3= 10 5.0 1.8 160 K~
Phz-H ba 55,61 138 2041 30 17 =10 40 0.8;105K*
[H-55dmbp][Hia] 57 269 338t 250 900 14 425 10K
Clathrate

637 220 & Bx 104 25K
363 20 50 i 8:RT
5 4 = 5:RT

38 5x10° 10 150 26, AT

9
5
a
NaNO, a 437 4=10° 47 10; 140K
g 763 210 9=10? 40 75;RT
5

293 6=10* 233 20,270 K

08
05
2
500
600
5
10
i
KH.PO, (KDF) 123 213 30 2x10¢ 29 5.0 041 |
com|
36 374 i 22 = 16 AT
TGS 438 323 333 45 2x10° 32 3.8, 220K 09
g 127 ] 80 B U.27, 80K 3
a 308 4= 10 224 0.25, 276 K 02

a a 1 aa wa a a 36
AN 2 AN1TVUARNE) Naudsiesisdianysn

» H.V. Alexandru, C. Berbecaru, Materials Science in Semiconductor Processing, 5 (2002) 159-165.

% Sachio Horiuchi and Yoshinori Tokura, Nuture materials, 7 (2008) 357-366.
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M15199 2 wansa1seian1eq AlaudAineslssiannsn aziulainarsedunsd

Inuvadeulalalasnunenma Joaumgiingevesautflesisdianysn Neamgl 123 wadu

Y

a

asaduyEe lnslnadu daun fgaumniingauesand@meslsdidnydn figumgll 323 1adu
fAnreuthagaisilimsdinansinnadenlunniliussgndldanusiusieeg

Tunsfinwinisifinlnanlsiedu asuanmaluglvaansmsening arauuliihainaieuen
(B fulwanlsiedu (P) wiedanuquasiafiulse Inedresavesnsmiuandlédanmd 20 sl

(n) Wudnuaznsvesiafivyszqlugauafuuuidudu Jsinuquesinivuszqdy
doaulaeasaivaunulih

(@) Judnwaugnsmlvossiunulugauafuuuidady  dudugunsaiildfinisazas
ndslusUvasaunuliihviosuuusingn uaznszuasudndlibhItaieaty fauaeslild
s P-E Wugtsnamielsiilyaquinansegigariin

(A) udnuagnsmivesmsgapdedaufuusradadu fudunaannisgapdoUssqluiug
meluguiiiidndiududavesgunsaiiliAnmsgaudeUsyy Tneauduvesnamagtutuaiai
qluiih

(1) mamevausauuliiududuvesaseslsdidnvin Fsilluianaiessiuldiedlag

Tidasldauulninannniegusn

[
w

2
2
)
o

~—~
2

(%)

Polarisation pC/cm
(=)

Polarisation uC/cm
(=]

)
o

)
&

0 4

A

0 4

'
iy

Field kV/mm Field kV/mm
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j
2

— —
2 (P) 2 (1)
&) &) /
3 =1
S 0 - g o
1751 v
g =
= =
AO o 4
A~ 5 A~ s
4 0 4 4 0 4
Field kV/mm Field kV/mm

dl L% v 6 ! Y d‘ A v 37
A# 20 AnuduRussenIelanlsituiuaunlnihvesaIosiiodn

(n) naanvarauiRvesLiuyszglugauafnuudady
@) namanvauzantRvesdsunulugauaRvuuLTLEy
(A) nemldnvauzautRveinIsaydeiunuUszquuududuy

Q) nywdnwurautRvemeslsdidnvsnuuuliidudadu

2.4 mAlAN1SIASITRaNURYINAN

2.4.1 wAlAN15A8UUYBISIHBND

Ssdendiunauusivanlnihiifiannuennaueglugie 0.01 f¢ 10 nm 1AnaINASYY
yosdidnaseufignissluauliihduhivihielangmin wdssaatvesdidnnseuszgnaiewm
TtuidilanzuazyilAnnsiAsundasssfundanuvesdidnaseunielulansiiduth naves
mMswasunlasdiananiliinsdiend 2 siafe Sedondseiios (continuous X-ray) uazsad
LondLannzei (characteristic X-ray) \ile¥sdlondiindunsizenduaasazviiliAausingnisel
f199 19U n1siduas n1sgandu nsnssduamionisidenuy Seusingnisaiivant aed
Snvuzamziituogiumsiogusazein WomnueswdsiifundnasinisdniFesesnouasng

Juszifeunuuands WessdiendnnnIsnuuuiivedgnszuIuAIee meyuiiiinzauasyinli

AANGANITUNISIELUUTRISIFONT UL

" M. Stewart and M. G. Cain. Ferroelectric hysteresis measurement and analysis, National Physical

Laboratory. D. A. Hall. Universtiy of Manchester. 1999
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INAMLENIAFUTRISEendeglurinfeatusrezriiaseniesnenlundnvoweanls

Feylisadendanuisainnisaeuulanauandlunini 21

1
Diffrzacted Beam

Incident Bea
2 \

A--O] -O--O]-A

B--0*-0--02

--0--0--0--0--0--0--0- -
AN 21 NMSEYIVUVDITIALDND

o a & o v o o o oA 1Y)
HWEANNATENUYN 2 an NLWﬁWﬁQﬂUVHQ\JN O NUTEUIU S98N 1 ANNTENULUINUTSUIU Allay

d2Y9URDNUIYINYN O AUTEUIU A S9EN 2 AnnsenudniussuIy B wagasyiaueanuvinyy 0y

Y o=

szun B lnefediondfiazsiouseninainyassulu sginsunsnaonuuuiaiuaina uagindns 4
SrpEwRaza TS EnnnsEnuuussuuiiausstudus i uiuesnuerausdiend o
aunsf 2.1
2dsin@ =nA (2.1)
e n Ao Snuduiienisusuvesnisasiou

A e anueeduvessidiondiily

d #D SLePINTLUIUNEN

0 Ao YNTENINNTIEANNTENUAUTEUIUNEN

dlelt5ediendifinnuemedulndifesiuszozsinseseynounislundn uazvundnyii

Y a

yusinee AuFadnannseny SdNGeRvLeanInElsUkuuamzvesasudazyiianaiaillysed
4 a o~ < @ ! I o g vy o ¢

ndanugMAauALInNNsENUTUEIsTegaluyy 0 vilidewndeugunsel

- v b4 < = v o =2 & =
MInsIvindaausediendlivyuluiluyy 260 WieliaiusaduiinJUwuunsideuuyeanin
T ARNATDINUNYVDIUINA

a & Y o 4 | I a oA a dy vs Y I [
wallan1siigdiuunlesediond wuseeniluasswila fie inadianldduansiiogiaduns

(powder X-ray diffraction) wasduansiegaudundnifien (single-crystal X-ray diffraction)
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o

1. Powder X-ray diffraction anunsadinsigvutinvesianle 1ew1nn1sideaiunvessed
ond azvibiiAnaUnasuiidudnuasianizveiunazlasadawdn

2. Single-crystal X-ray diffraction 1JuwmadaNaunsaiasiest laseasnananiazuan
Hen518masvasaaaniig

d{' o v = v ! v ! dy )

383 XRD wyinstuiinanudunyusine lnsdeyawmaiiazgnuanseanundunsiv
sEninaauduessdnagvieusaniniuyl 26 1ndeyailaavaiunsoAIuINNIAITEEEINg
JEUINesEUU (d) Iamuaunisveanusnn waganunsathlvinssidnuaelasasandnle

TunaUfuR HeunsouansiiognNavendnie) yinliuansaeg1aUsenauiuain
HANENT F1IUNIN UazdnEesiiag1ady ibiudazszunu hkl Siundunnsneiu doyanis
dy v s [ £ [y v o aa 4 [y A o [ d'
Weuuvesiidiend gnuanaduduaiunasuanuduresiid@nasyiousoniniuyuiinn1sia e
oA 0 agyilianusofmuIMMIAIEEZYINTEniNssuIy. (d) LeRuannIsreIwuIniuay
au1sauantaseasamanaInszuuintu neiluseuiiisuduAiuiasgiy JCPDS  (joint
committee on powder diffraction standard) #IBLIBUAUALUNATNIINIUITBANY AIDENS
wwsosdlenlglunisAneinisidenuuvessdienglagnaniau Bruker's X-ray diffraction D8-

discover LaRIRINING 22

AT 22 1A384 Bruker's X-ray diffraction D8-discover
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2.4.2 mﬁnwmjﬁaﬁ%’u‘[m‘lﬁmﬁﬂ FTIR

wafia FTIR Wumedaildinseituszoedluanaiag tnewusemant arunsouansds
myjilsriduvadluanafifuesdiusenovtesdn malintaunsalifinsgitiasduniduns ol
un3d 1Bl neieuaunaianis Tnserdoufduiussevinuasiuiussluluanaves
wn nafedagluadluguamnuidunssn fnuenadudaud 0.78-1000 nm wadu 3 4o
fio Bunsangulng Sunsisngiunans wag Bulsusaglng lnevasiavedu 4000-400 cm
\Huthsiuanaiaiuszuedluana 1éun C=0, O-H, C-0, N-H iusiu

Tuthaauadu 1500 — 400 cm’ 18utha fingerprint region HdnwauznITuARAUANTY
nspanduanzvasasusiarsia Ineunfanafilutsiasdudeu dedu metinseaunady
Fedredamnienansifevielnddradanasgi a1niu Wisuiisugennisganauvesaunasud

Y A a ¢ o 1 sou 38 o d'
10NN LW@?LﬂiWSﬂWUﬁS‘UBQﬂ%‘WQﬂ?}U PNNINN 23

AT 23 1A309 PERKIN ELMER spectrum GX FTIR system

38 v a £ 1Y) a a ¢ A A
LAY BUIAND LLATAE NANNITLASLNAUAILAIICULATDIND ﬂi;ﬂL‘WW"l 2554
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2.4.3 M3ANYINTIRANAUYBIUES UV

A4 A o = I3 A & A a ¢ o o A v
Lﬂi@ﬂu@?@ﬂqiaﬂﬂau&ﬁﬂL‘UULﬂiax‘iN@‘VﬂsﬂujLﬂiqgﬁﬁqiiﬂHaqﬂﬂﬂaﬂﬂqiﬂﬂﬂau5ﬂﬂsﬂ@\1

A

ansfieglutng UV uazuasitegluasfimuesiiiu amnugadulszana 190-1000 wluimng ans
dulng Juarsdunid arsusznoulddeunieaseliunsdniiavazldiidasurazeiines
annduisdlugaanruemeduiiundsiusasUBinunsganduiidtueg funrnduresanstu
nsgandusatveasinedudndiulngnssiuanududuvesars F9@usodnsieilalug
aunnuarUTun Wumadeildtusgnunivats wafildannisiengidemaiaiazuans
ANuduussEnineAInsgAnduLas (Absorbance) WazA1AINEIIAAY (Wavelength) sl

Tassnuiialagldiades T80+ UV/VIS Spectrometer PG Instrument Ltd fsn1ndl 24

AT 24 1A309 T8O+ UVAVIS Spectrometer PG Instrument Ltd

Wianaanagluyas Uv-visible dtnlululuianavesans ansasganiulaianizunsy i iing
nsiasuulatseAundsany Ussunm 30-150 kcal/mol wazdianmsoudinedes fAedidnnseauil
agnupnganzedianmnseuniiniusssedianasoundiliiinuse (Non-bonding electrons) &

LAATIUAVTANAILANA1IIU
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2.4.4 auvdladannsn

Ludida Wrsued WWudiinaassasiednfulszauuuskuvuiuiiisnvazmiioudunn
Uszn153unnaassn Tngligeinsseninsruvuiuvvasiinulssgiausnilduainia wasdiu

Y

Uszgifiaesholadianv3nufianila Wedunuuszaiasslasumninuasdndluiwindu wud

v [ a1

Uszquudufiuuszgifiansledidnvindussninasuruiuasiiiganiiuszquusdufvysygidl
DINATENINUHUIUIUY

lodidnvin 1WuantAndevesauuliin devhsndusswinawsiudniluiiiuuseq awi
Tsiulsgganunsaivaraundsuluguawuliihssninauniuiniled lneazviliiAanisises
maslnarlsiwdutuneludoasladiinudn vilhAnlassadrsesiafiuuszqiu Anrnufi
UszqazdudndilansatfumasiladidnyEnvesasfiduseninausiugain aunisaassuesii
suad Fety mMsfnAAildidnnsnuesansengg sudernsgadeladiinnin anunsavinla
Imamﬁmﬁ@hLﬁuﬂizqﬁuaqmsﬁm fienaunalniiisingg neldaees RLC Faenddoildduans
fhegsrendniivgnlatsiland@liviliia amil 25 uansyanisnaasdili@nwiArnsdiladidn-

7150

A 25 13 Agilent E4980A
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Y 13

nsdignemnuadndlilidudiudssquindu muaunsalunisinundsaulug

aurnliin (Uszq) azduduarnsiiladianniniiausenitsunudailn lneaiaaiuqluiig

ANuduRUSAUAng i1 nAeusn fakansluaun1sn 2.2

q
C=— (2.2)
Vab
EA
C=—— (2.3)
d

Tagil  C Ae Aramgluih
q A Useqluih

A %

Vp, Ao Anglniinseninege a wazqn b

d i =

& fo Ampsnladiannsn

[
A N

A A NUNVDILHUFIUN

b

d fAa ANUNUIYRIEITiaBanNSA

aun1sn 2.3 wansmuduiussznindtmuglnihiuaailadidnvsn Saenndesiv
nsnaawehsued aziiulainauguesiiiulszyle szdanfindudidniuuszquuilled
LANYSNAUSTIINURULIUTIDIYBRLAUYSEY SRI1dIuTEnINmINUediulszgla e
a a a o U 1y a a o a ! ! A a a o o ¢ [
fledidnn3nau  (e) Auludladdnnindu (1) 3andn arnsiiladlanvznduivg (e,) dauansly

AUNSN 2.0

[

2.5 U NNYIVD9

2.5.1 wanlwwnadeulalalasiaunadine

wanlnunadeulalalasiauneans Jgnsnisluanadie KHPO, uansifland@viaun
manswuulidadu edouldduasnsgulunismagevantinenany Tlassadmdnsenisa

7 3 INAITNASIUINANLTYINT
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SYUUNAN Space | a(m) | b(nm) | c(hm) | Z | Density, T(Q)
group g/cm3
Orthorhombic™ | Fdd2 | 1.0867 | 1.0533 | 06926 | 8 | 2.37 <-150
Tetragonal”® | 1d2d | 0744 | 0744 | 0697 | 4 | 234 |-150to 190
Monoclinic' | P2l/c | 0733 | 1449 | 0747 | 8 190to 400

M19197 3 Toyalassaiimdninuvadoylalalasiaunana 91nona1T9198

42 A o o ¢ < =
NNINTITNAADIFILATISWNAN IWLWlﬁL“USJ@Jl@

1N9UTTILVBY Shengjun Zhu LarAN
lelasiaurloain uazAnuinavesnisiioamsdunidrenuandinisuasesadniignidosenan
TngAsmsseimediihazaiegieing ldnansmaasdassairsndndaninil 26 wazdoyavosndn
Fam5197 3 wiegndlsfny SelufinnsiwEndindnludmuadnsazianizaigg Sudndiled
annsouansentRdvirumansuuulidadu visautRuleslsddnninviely sauriwdndildan

AMINAAIRINANGITULIALENLIN

{ = = = & v a a6 43
i 26 nanlnuvadeulalalasiaunaaing Ngnidesieasdunsdengg

* Fukami, T. Physica status solidi (a) 117 (1990). K93

0 Ono, Yasuhiro; Hikita, Tomoyuki; lkeda, Takuro Journal of the Physics Society Japan 56 (1987).577

“ ltoh, Kazuyuki; Matsubayashi, Tetsuo; Nakamura, Eiji; Motegi, Hiroshi Journal of the Physical Society
of Japan 39 (1975). 843.

azShengjun Zhu et al. Journal of Crystal Growth, Volume 402, 15 September 2014, Pages 48-52

® Shingo Matsumoto and Setsuo Kashino, Acta Cryst. C52 (1996) 1948-1950.
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Loretta wavame " dAnwannunsidsnuuvesidiond tefnwlasadandnlaog
msdniFussveezneumioluanavoseawdnlnunadeslalslasiouean Wedins iy
AnmsunIAs UL %é’ammﬁuaa@ﬂimgﬁuﬁgu 260 139 fio ¥aAYBITEUIU (101) (200)
(112) Fauansfeguuuulassairamdnuuunasylnueavesdn Inunaideslalslnsiaurlonina

1 v L dl
DYNYALIUAININN 27

5000

PURE KDP

(200)

4000 -

(112)

3000 -

2000

Intensity (counts)
(312)

1000 -

F(mw)
_ L'(zm

20

a o J =2 a a4
AN 27 alnasuseuiureg sesuan Inunadeulalalasiauneaiva

9NUITEvea Balamurugan wag Ramasamy 1un1sdneaudfivendn Tnunaden
lolelasiaunana Sadunsugnudnanarsarasuuudafuuasiuuiiemafemieitioaes
Tnendenfimnamsdgniie <100> MniudFeuiisvautiiléaniansds Tngldinada FTIR il
msAnwmilaiduvesndn Tnunadeylalelasounlenva Tdvrsavadufeud 500-4000 cm’

=2 @ =
NANITIANYIRNUANIAINTNY 28

“ Fernando Loretta, T. Josephine Rani, P. Selvarajan, S. Perumal, S.Ramalingom, World Journal of
Science and Technology, 1(3) 2011 01-06.
45 S. Balamurugan, P. Ramasamy, Spectrochimica Acta Part A: Molecular and Biomolecular

Spectroscopy,71 (2009) 1979-1983.
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=]
=
1

Transmittance (%)
=]
_d_,?
(;’
‘ﬂ-\
j/
_'_"‘q

ha
=
L
<
—
e

0 -

500 1000 1500 2000 2500 3000 3500 4000 4500
Wavenumber (em™")

= 9 P -dl = = a5
AA 28 AnasuNSEINIUAINATeY FTIR Uasndn tnuvadsulalalasiaunanine

Nl 28 aan3uannieies FTIR veawdn Tnuvadeslalelnsiaumenina wuirfinng
gandunasdunsusafiunnssiuluTsauady 500-4000 cm’ Taeduaunnsalugis 500-1500
cm’” axnansfangileddusingg vewmdn Inunadeslalalasaumonila léun mifladdu P=0 Fuil
ponaUnAf 1303 o vyfilsitunes P-O-H fiflenatunaiy 905 cm  1Tugu

nsAnwiuiaveswdn nunadeulalelasauronmia wuiiuindniidnuasduus
Awmden fndeuusngfivuaginevewdn fednuvasiiuivemdnuansianind 29 WHunns
Ugnwan Tnunadeslalslnsiaunenia uwudaiy Filasinfedlfidudnuuesunsannsg

vouuan lnunadealalalasiaurlena ngnle

a ) g a P P a6
A 29 anwaleuRYeNan Tnwnadsulalalasaunanua

“ Dongli Xu, Dongfeng Xue, Physica B: Condensed Matter, 370: 84-89.
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nsAnwlasaiimdniionnisdniseeinvesesnauvselulanavesvewin lnslnadu

Famn " wuirflvenvesszutusieg UsingTudtyn 26 Tuts 10°-40° léiA szunu (020) (100)

(040) wag (-131) Insuansdisguiuulasaiandnuuulalundiinvewdn laslnadu damln ags

YALAUAININT 30

3000

2000
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1000

{1a1)
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(141)

= (341)

I U LNL(UJ
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60

o [ ! = IS U a7
AT 30 aUNASUTEUIUANNY UesNan taslnadiu data

dmsunsAnwvyflaituvewdn nslnadu  daule

WAAIAININT  2.20 lowA  gam

L4 '1 1 6 o U 1 '1 !
awnesy 613 cm uanamyfilaiduves N-H uaveesaunniilugie 1425-1503 cm uanavy

Haridunea ~COOH fanwd 31

% Transmittance

0

3163 28

1708 352
B3, 08

1503 18
1305.99=

-

005 65
BES.68
B1317,

,
ZiL

11301
102;

4000

T
2500
Wavenumber (cm-1)

=}
=4
=

i o ! 1 = = = 1Y) a7
AN 31 ALUNATUNNTEDINIUINNLATDY FTIR U890aN 1(5131%621‘14 FaLnm

“"T. Balu , T.R. Rajasekaran , P. Murugakoothan, Current Applied Physics 9 (2009) 435-440.
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audRleslsdidinninvewndn tnslnadu dawla lagndnwiegnandiewing wu nanisin
Snungauiinslnanlseduvesndn loslnadu dama  U3qns uansdanmil 32 Tnsfnwn
Wisuifisunisidsundadlnailsiwduvendn taslnadu dawn  leldsuauulnindu
svezaUANAURIUs 0 - 20.6 Falus nansveasandlifiuii Alnanlswduiidanaudle

Tosvauuludnduszezinaiuiu

3, t=0h 3, t=4.5h 31 t=20.6h

dl U % 6 1 U - 1 = = U 48
A 32 Aanudususalwanlswduiuaauuinirvesdnlesinadu dawmn

(n) mMsiaatnalsiwduiuaawinirvesdntasinadu dawn Tvaimegeu 0 h
@) nMsiaatwalswduiuatauuiniivesdntnslnadu dawn Tdaimegeu 4.5 h
(@) nsTaalnanbsiwduiuaauulniivesadntastnadu damws Tdnameasu 20.6 h

YY o av

Aatuniinantiudeihbigviidedenuaulanazlgnudn Tnunadeulalalasiau
Woawlnu3ans uasiignidemelasinadudamn lnen1s3snsUgnnanwuunufiy azn1sUgnaan

WUURAMIGEY  WieRnwanwalanya1e  UeskanlnglanizededantRinestsaiannin

® K Cwikiel, B. Fugiel, M. Mierzwa, Physica B: Condensed Matter, 296 ( 2001) 361-368.
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ASn1snnaag

Tuunillduansdanszuiunisugnudninunaidelalalasiaurean (Potassium
Dihydrogen Phosphate, KDP) I@ﬂiﬂé’fmiﬂqﬂl,l,uuﬁguam (Conventional method) wagn1s
UQﬂmﬁﬂLL‘U‘U‘ﬁﬁVINLﬁm (Sankaranarayanan and Ramasamy; SR method) 11115139078
a3 laslnafudawa (Triglycine sulphate; TGS) Lﬁaﬁﬂmamauﬁ’aauﬁ’amm YBINAN
FananindauautRautidsuutasedidls Inefinwandise fuil Anwilassadisves
wAnlpewadianisidenuutesssdidng (X-ray Diffraction, XRD) Anwwiglilaifuvesninlag
Idwadiansganduunasyasdunssa (Fourier transform infrared spectroscopy; FTIR)
Anwinisdesniuvesuastutlrsnasldilslvaudonanuilonns lneldinaiia (Uv-vis
Spectroscopy) ﬁﬂmﬁuﬁ’;é’ﬂwmzﬁmgmﬁummﬁﬂimﬂ%mﬂﬁﬂ (Scanning  electron
microscope;  SEM) AnwiAasdilaBidnnin (Dielectric constant)  wasfnwiaudd
WoasTsdidansn (Ferroelectric) §3318azidanveinsruirunisniouwazidouloiildly

MsAnwdinesalud

3.1 gunsnluazansiall

a5t luauive

1. Tnunadosilalalasiaunoaina Aunwsedy reagents ATMUIANS 99.0% Bvio
CARLO ERBA REAGENTI amnsnmsazaetinlél 22.6 ¢/100 ml figaungdi 20°C

2. lnafu AaAmszAU analytical ALUIENS 99.0% D9¥aCARLO ERBA REAGENT
anunsonsaganetiwh 24.99 ¢/100 ml ﬁqmmﬁ 25°C

3. n3ngansa (H,S0,)

4. 11Us1anleasu (deionized water) 3aindle (DI)
gunsalnldlusmuide

1. Jnunes

a

2. DNAIVALYUNYI
3. YiRBANAALY
4. QanaaFn

5. aslutwes wuuusen
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6. LA30INIUANT

7. ASLAUNTOY

8. LUNLUANALMDILOS
9. Lﬂ%‘lmmuauqmmﬁ
10. oUANENT

11. Ins9Umans

|
Y aa a

12. 1ADNWININDAANALLDYA 4 AILNUY

3.2 WHUdINsAHNOULAZTURBUNNTUNKEN

NsUgNNANKUUALGY

Recrystallization UgnuaNWUUAANIaLAEN

A4

Anenaudisineg fedl
XRD
FTIR
UV-vis
SEM
Dielectric

Ferroelectric

A 33 wauienIsALueIun1TUgnaEn

INNMA 33 wansnisanlununsgnudninunaldeslalalasiauneann usgns
wazfignidemglasinadu daun wdniildazgnirlufnwaudfsineg saewmaia XRD, FTIR,

UV-vis, SEM shuieaudiladidnnsnuazwasisdannsn
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¥
[

3.2.1 NMUgNKANLUUITALLAY

aoud 1 Ugnuan Inunadealalalasiauvenwa  u3gns wazwdn laslnadu dawn

s
a a

Usqms

Aaud 1.1 Uanwan nunadeulalalasiaunenine Uiy 1/|'§

1. $ra0nnoddeih DI e 2 sou

2. H9ans Inunadeulalalasiaunena Ui 50 ¢

3. ¥nisazanwans Inunadoulalelasiouroma  ludh D ludasidu ans
Tnuvadeylalelasiaunlona deth DI Usuias 180 ml

4. Buans unadeulalalasiaunenva flazdosaunitaiszmun

5. Ansugunsaidmiunsnsadlasthansazansitldlunsessensgaunsos

6. Wgenanainuanzg Mluladninesilildarsazats wdihluifuiisnsniuau

a d o 1 Y a = [ v =2
PEUNNN NN 35°C Uaoullinnsanndnnianduiinnan1snaass
7.

'1ﬂ’]iLﬂ‘UNaﬂLLauUWIﬂ’JLﬂi’]uV&Ja

a

ABUT 1.2 Uanwan laslnadu dawn usgns

1. §rafunedseh DI favmn 2 sou

2. wislnaduuaznsndaySnlusnstdin 3:1 Tnevihnnsteansinaduuiunm 45.08
T¥nsduma 11.2 cm’

3. ynsazaneansinaduluih DI ludnsidrudeanslnadu 45.08 ¢ setih DI Usina
180 ml lnegifinansinaduiiaztosaunintansaznun

4, Lamm%’uﬂ%ﬂﬁﬂmuﬁgﬂwm 11.2 cm’ aslufiaifosauninansazvun

5. Ansgunsaidmiunsnses Tnshansaraeiildlunsesiaenseaunsos

6. YgananaRnuanzg diluladninesilildansazats wdnhluifuiisnsniuau
gaumilil 35°C YdeeliAnnsanadnndonduiinnanisnnass

7. 7msm‘umaﬂuauuﬂmmemwa

nauil 2 Yanuan Inunadeulalalasiaunena Ngnidenie laslnadu daun
nauil 2.1 Ygnwan Inunadeulalalasiaunenine laen1side laslnadu dawmn
2% mol

1. a190nLN9572811 DI NIAUA 2 SaU
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2. thwdn Inuvadeslalelasiaunonia wagndn lnslnadu damn Augnldly
Fupoudt 1 wusliazdon Tnory

N3LUIUNIT recrystallization ﬁi’ﬁmuﬁgwm 2 ﬂ%ﬂ
3. 3a13 Tnunadeulalalasiaunonla fildannisunazBenusuia 50 ¢
4. ¥nsazaeans nunadeulalalasiounena  Tudh DI usnsidau ans
Tnuvadelalalnsaunona 50 ¢ st DI Ui

180 ml Tnefinansfiaziosaunitansasviun
5. vnsideans laslnadu dauln Tnedsasuiun 2.37 ¢ (@nnsawialuna
NUIN M)
6. Ansagunsaidmiunsnsadastharsasanefildlunsesenssatunses

Y o

7. hgananafnunangs ulivladninesildldarsasats udnlunuiensaiunay

Y
'
=

QUi 35° C uddegliinnsanranniouduiinian1snaaes

[ [

8. ¥nswnunantazildiwsizvina

moufl 2.2 Ugnwan Tnunaideulalslasiourlans Tagnside laslnadu dain
5% mol
1. §radininesaaei DI savun 2 50U
2. hwdn Inunadenlalelasiaunonia wagndn lnslnadu damn Augnldly
Fupoudt 1 wusliezdon Taery
AFLUIUNNT recrystallization ﬁi’wmuﬁgmm 2 ﬂ%”’a
3. 4513 Tnunadoulalalasiaunena fldannsunazBunUsunm 50 g
4. yhmsazaneans KPD luth DI lushsnday ans Tnunadeslalalnsiourena 50
g sev DI Usinal
180 ml Tnefinansfiaziosaunitasasviun
5. ¥nsieseans Waslnadu daumm nedsansusunn 5.90 ¢ @nnsAwialuna
N3N M)
6. AnrsgUnsnidmiunansadlasthasarasildlunsesonszaunsos

Y o

7. hganaafnunangs inluladninesildldarsazars uwdnilviAuiisnsauny

Y
'
=

QN7 35° C udUdegliinnsanranniouduiinian1snaaes

[ [

8. ¥nswnunantazildiwsizvina
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AN 34 MSUGNHANLUUALAY

3.2.2 MsUgnuanuuuiianiafel 3935108013

£

nsUgnudnteiieulalasiau waninse mgdsuuuiianieiel vseTseaens Juu

ABUNITYINNITNAADIFIY
1. a190NND5LAZNARANAABINIEUI DI 19UA 2 58U
2. dudn Inwnadeslalalasiaurenla Muanlalutuneuil 1 unualviazidun lne

NIUNSEUIUANT

recrystallization IMUIUTINUA 2 AT
3. F9ans nunadeulalalasiaunenvla Nlaannisunazideau3unm 50 ¢

4. vinnnsazaeans wnadeulalalasiaunesina  Tudd DI Tudwnsidiu ans

Tnuvadelalalnsaunonia 50 ¢ sievh DI Ui
180 ml lneifnansazaneiiaziiosaunitansaz e
3. vhmsidendienslumsgnudnuuuiiamades Tagiianiddunisugnae
<100> Fremstwdn Inuvaidolalalasiaunona uSans Adauandudaniedelils

YPANDFMUAVILMU AU TUNABANARDS
4. Rnsdagunsaidmsunsnsadastharsasanefildlunsesenssatunses
5. wansldluviaeanaassitlsidenfiamalunisugnie <100>
6. Famaszuunmsgnudnuuuisfiamaien Inenuaugunlduuuressuui

gaumnil 36°C auanfigaumil 32°C Udeglvinnisanaannseuduiinuanisnaaes

o [ =2 o a L4
1. ‘VI’]ﬂ']iLﬂ‘UNaﬂLLﬁSU’ﬂ‘U’JL?’]i’WSMNa
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P = a a
AN 35 LLﬁﬂQﬂWi‘UQﬂNaﬂLLU‘U‘VI?WI'NL@EJ'J



a
unn 4
NANISNAADILAZNNTIATIZH

Tuuniindmisanismasesasnseiumenanimaasslunisinwauiffiugiuves
wanlnunadoulalalasiouneaauigns wagnaninunadoulalelasiounoamniigniie
Felaslnatudanin  Beldanmsugnadnuudaiuuaznisugnudnuuuiianaden Tae
fvuafiennanisiin <100> wandlsignimiouifisuandnvasiasinszsiandiniigeg
vowwdn Tiud Anvinsidenvuvesidiend Anvimyileidudomaia FIR @nwigandu
uaspIaIaray Anwiuitveswdndewmada SEM AnviaudRladidnyEnuasAnyiauds

(%

a & a = a a o U =
WaslsaLANMSN S18azdunvINISNRaRdwaraAUsuNallnsme U

4.1 ANYAZKAZINTINITIIYAULAVDINEN

(@)

AW 36 KENURNLUUTIANLGY

(n) w@n Wmunageulalalasiaunanma usans
(v) win Inunadeulalalasiaunenna ignidesie easlnadu dams 2% mol
(A) wain Inwnageslalalasiaunena Ngnideme laslnadu damln 5% mol

(@) nan taslnadu dawin

NN 36 Uannanlaninnisugnudnmenusiy lagndnlunmi 30(n) fe wan
Inuvadeulalalasiaunenva U3ans suuiwaniianvaziviisey TUsdlawazday

¢ =2 = v 3 o Y
auysalvasman wanfivanladvunn 4.2 x 3.3 x 1.5 cm” lagldszeaantunisugn 28 Ju



a3

Al 36 (@) Ao wan InunaBeulalalasiounonina gnidese laslnadu dauin
2% mol wiftuiwdnidnuarivihveawdniFeuduwvisvuinidn anulusdaldaiane
o1ainanmulsianugaivestdn ndniiugnldfiounn 1.8 x 0.9 x 0.5 cm’ Ingldszezaily
msugn 35

A 36 (A) Ae wan Inunadeslelelasiounenla gnidess lnslnadu dawmin
5% mol agiiuindniidnvaziduuis mulusdaliaiiaue o1ainanaslianugal
Youwan waniugnleiutn 2.8 x 0.7 x 0.5 cm’ Iaeldszaznailumsugn 39 Ju

Al 36 (9) e wdn laslnadu damin fdnvrgunsedmasy Unngwaesluniiseg

fifmiSeu Tssla udnfivgnlafivuin 2.9 x 26 x 1.5 cm’ Ingldszaznanlunsugn 65
il

a

NANBULVDINANNUAN LA LANYULNIINIEATNALANAIITUY NIVUIA SUNTI hay

Y Y

£ ¥
= a

Analussla Anuuandefinduil e1ailiewnain Reulvlunisugnudniisneiu Jadanasie

ASTUIUNISHNANEN

AN 37 wanUgnuuuiianiLeen

(n) win nunaeulalalasiaunenla Ygnuuuiieniusen
(v) win Inuvadeulalalasiaunena Ygnuuufiamaied ndannsanainvasnass

(A) unuran Inunadeulalalasiaunenna Ugnuuufieniuded lagsiunsdn

i 37 LLammﬁﬂﬁlﬁmﬂﬂflsﬂqﬂwﬁﬂquﬁmwmﬁm A9 37 (1) e udn
Tnunaeulalalasiaunosna ﬁagﬂwaammam NUILANWULIDITOUAITUAN BIALAA
Mnewanysaivesndn Tdszegnaiugn 52 Yu awil 37 (@) Ao wdn Tnumadesle
lelasiaurlonina Ugnuuuiiamaiey nasannisananvaesanaaes wudiwdniaiulddesy
Ad 37 (A) unurdn Tnuvadoulalslnsiaunena Ugnuuuiteaniaied lagr1un1sdn
wiuladwdnididnwaziinuladosiisessesnisunnusingiuladaaueirainainaii

3 = = 3
amyjim*’daﬂmaﬂ HandYuIm 1.3 x 1.5 x 0.2 cm
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= =
= [=]

ar
=
[}*]

DASINSAAKAN (Mm/Iu)
3 -

o
'

,=
o
S

a

o
P

=]

KDP u?a'ns KDP (SR) KDP gnidiadion TGS KDP gnidadins TGS
5% mol 2% mol
UUALAN

i 38 dnsnsiasaiulavewdnivgnle

NAINT 38 wARIBNIINISASAULATEINEN TAeN1TUgNAENLUUALALLAZILUY
a a o & = = o a 'l o =
famaded dail wdn Inwnadedlalalasaunena Z8nsnsinegn 1.5 mm /3w wén
=

Inunaleslalalasiaunenina AUgnuuufianiafel d6nsn1siinegi 1 mm /3y u@n

Inunadeulalalasiunenmla Agnidede aslnadu daumn 5% mol ddnsn1siinegi

Y
=

0.7 mm /3u wiin nunageslalalasiauenna Ngnideme laslnadu damn 2% mol i

895 IMsiAneg 0.5 mm /U wén laslnadu dawle dgns1nsiinegi 0.4 mm /3u 210

nsvenladmwan Inunadeulalalasiaurenla AUgnuuuaufnddnsInN1sasyAulag

WINNIKENT A WEeLTIEUINNTURNHENLUULRLIIY

4.2 N1SANYINISHRYUUVRISIFLOND

MsfnwInsasnULesiidienduasdn Tnunadexlalelasiounlana uasudn
Tnunadeslalalnsiauenia fignidede laslnadu damn 5% mol wazwdn lnslnady
Fawla Funusessazgnuedenliidunsanden neldmdudiu 20 1 5 wasmaarieg
20 1 90° avnafuiinanseeninazegluguuuumnuduiussenismuduiugs 20
9nnmd 39 Wuanedunsidenuuresisdiond Usgnaude (n) N3 XRD vawdn
Tnunadeslalslasiaunena Uavs (1) ns 1wl XRD veawdn Tnunaidoulalalasiauien
wia fignidesne laslnadu Fawin 5% mol (A) wan lnslnadu damn vigvdidewIouiiey

n3 1 (n) waznsvl (1) HgonaiunasunisideiiuuvesssuudmAglanitaguiuulasased
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Duendnunivewdn Inuvadeylalalasiaurenva udans Tudiam 20 seq ey
furuideres Loretta uazaniz - wudh feesaUnedumaideaiuuvesssuuaonadosiu
wanyimaniivgnldiansdninuiavduasndniigniieilassadauvuinnsginuea Taendn
Tnunadeulalalnsiaunonia Usavs wazndn Inunadeulalelasiounonla figniiede
lnslnadu daimn 5% mol fsvuruiiatuniieutufo (101) (200) (112) (220) (311) wanyin
n3i3e lnslnadu damn Tundn Tnunadeslalelasiaunenma lilfuasuudaslaseaing
wan Tnunadeulalalnsaunenia mszddvenanasunsiaenuudiddynsuiiy
dnsuwdn laslnadu dauia U3avs Unngeesanniunisdeuutessuiuse
Tudhaym 26 7 10° fa 40° wansians 1wl (A) Wlelfieufvauideves Balu wazany wuin 3

gonaUNASUNISIAYRUUVRITTUIUARAAS B4 kaninanfivgniadlassasianuulaly

aa 50
AAUN

intencity (a.u)

KDP doped TGS 5%
)

o)
i)

(332)
(224)

intencity (a.u)
(101)
(321)

(200)

(112)
(220)

] (211)
(202)

(301)

(141)

(420)

| (332)
* (532)

intencity (a.u)
(224)

(321)

20 40 20(degree) g

2NN 39 AUNASUNISHRYIUUYBDISIALDND

* Fernando Loretta, T. Josephine Rani, P. Selvarajan, S. Perumal, S.Ramalingom
World Journal Science and Technology, 1(3) 2011 01-06.
50
T. Balu, T.R. Rajasekaran , P. Murugakoothan, Current Applied Physics 9 (2009) 435-440.
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a

(n) wan Inunaeulalalasaunennea usans
() wan lnunadeslalalasiaunenia ignidede lnslnadu daumn 5% mol

(A) wa@n laslnadu Faun usgns

4.3 nMsAnwnyiendu

nsAnwmyilaidulaemaia FTIR Wunsinnisganau (absorbance) wasuady
wiwEnldh Tudhaavedufeud 400-4000 cm’ veawdn Tnunadeulalslnsiaunonia
U3qws uazndn Inunaideslalelnsiaunenina fignidesne laslnadu damn 5% mol Tag
9303 PERKIN ELMER spectrum GX FTIR system d1w§unisiindnlumsiaaeu udn
fhogrsargnualiiunsasBonudninlunaudiuans KBr antuiludalfduusuuns wans
Toluwsazannduazuaninsduvosiuse Jsazannsaiiaszimvyilsidunieluluana

AILEAILUNINT 40

1S o 8 KDP doped TGS5%
o O o
5 ¢ 1% 88
Q 7 T £3d 8§ 2 (GU)
e & o 8oy =g
_§ @ d od o = 8
5 d =
0
S o
1 v 1 v 1 v 1 v 1 v 1 v 1 v
500 1000 1500 2000 2500 3000 3500 4000
0.10 wavenumber cm’
] g 8 g KDP
sl 8 ¢ 2 %
T o 9 (ﬂ)
Q 1 O o (P|
€ ooe{d 7 o
g 7]¢
g 0.04
0.02-
0.00-= T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

wavenumber cm -

A 40 awnadu FTIR dwsumsiesevingilanduvesm@n
(n) w@n Wnunageulalalasiaunanma usans

() wan Inuna@eulalalasiaunenia Ngnieme laslnadu dawmln 5% mol
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Al 40 uansaUnasunsgandusasdunsisalurisavedudious 400-4000 cm’
vosndn nunadoulalelasiaunonla u3ans uasndn Inunaideulalslasiounonia 7
gnidesme lnslnadu dawln 5% mol Wefiarsannswlunmi 34 (n) wuirdeenaiunndy
mMIpanduuaBunsisavewmdn nunadeslalelnsiaunenila fail senfiiauedu 533 cm’
" Jafunaannmsduvesiusy OH-P-OH sonfllavadu 906 cm 1usaanmsduvesiusy
P-O-H voafllavadu 1100 cm iunaanmsduvesiusy P-O venfllavady 1299 cm
\Hunaainmsduvesitusy P=0 waglutregeniiiauadu 2400 - 3500 cm LuNaINNNTAY
nuse OH lewlsufusuideees  Balamurugan waz Ramasamy’ Wu3n feen
alnpfunisganduuasdussniiaenadosiu uansinluianafieglundndiugnls de
Twanavestnunadeulalalasiaureamn fadu nsugnudnainansazane vililessuly
ansazanenduinyudmiudulnunadeulalalnsaunaas

Al 40 (%) wudrgeealnniunisgandulasdunssaveswdn Inunageuln
lelasiaunonia fignide deuanndwnnsgu ilesainnisideans laslnadu damn 019
dwmarianisduresiusyres nuadeulalalnnaunena Tiuadsdl sanflauedu 533 cm
dowdu 542 om | WunaaInnsduvesiuss OH-P-OH geafllavadu 906 cm  Laowdy
909 cm 1HunaRInMsduveiusy P-O-H veafilavadu 1100 cm  @ewidu 1120 cm’
\Wunaainnisduvesiuse P-O seniiaunay 1299 cm  @owdu 1298 cm” ilunaainmis
dumesiusy P=0 nHadsnaImuinsdeans lnslnadu dawln dwalvisenanmiuiiay
pAULALTY wansiimaide nslnadu damin shlvianuiinsduresiusefiady

uennifmusanannumagandusasdunsnsnves Taslnadu dauln il von
flaundu 1085 cm - HuNa9INNSAUTesiUsE ~COOH Benfllavadu 1634 cm ' Lunaa N
Msduvesiusy C=0 \eiisusenanniufananfuanuideves Balu wazany ™ Ui
wanfiugnldiluanaves laslnadu damn Wluunsndeglulassairsndn Tnunadele

lalasiaunlonina Nignide

s, Balamurugan, P. Ramasamy, Spectrochimica Acta Part A: Molecular and Biomolecular

Spectroscopy,71 (2009) 1979-1983.
T, Balu , T.R. Rajasekaran , P. Murugakoothan, Current Applied Physics 9 (2009) 435-440.
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4.4 MsAnwnsaanduvauaslagldinaiia UV-visible spectroscopy

mM3fnwnN1saenauLaawan Inunadeulalalasiauneas wazudn nunadey
lalalasiouneain fignidede TGS 5% lua gnnsaaaeulngldinaia Uv-vis 1Hiedes
T80+ UV/VIS Spectrometer PG Instrument ¥Aruennaudaus 200-800 nm lunns
p3mApUTLNUAzgNazanedeth DI wevhlmdumsarats nsmiieudfisunisganduuag

YDINANVIIADILAAILUNINT 41

UV-vis
0.25

—KDP
\ — — -KDP doped TGS 5%

0.20 4 \

o
=
(6]
1
-

Absorbance
)
S

0.05 -+

v\
AV —
Dl T S .-oauq.—..“,'.,.,.a-.q,—

0.00

-0.05 T T T T T T T T T T T T T
200 300 400 500 600 700 800
Wevelength (nm)

A7 41 Uanin1sganaureavesansararenaninunadelalalasiauneaia uaz

asavaeraninuvadeulalalasiunearnignideme laslnadu daun 5% lua

NnAmil 41 WeRansannisganduvesesuasilerinuansazarendnlnunaidola
lalasiaunleauia wazansazanendninunadenlalslnsaureamn fgnidese lnslnaduy
Fawin 5% lua wuiriinisganduveauadurianiue1indu 200-800 nm ansazanewan
Tnunadeslalalasiouneama azdanisganduiitesniiAivesarsazarondnlnunaldoy
lalalasiounoain Aignidess lnslnadu damn 5% lua uansinnisideans laslnady

o Y o § ¥ = o N =1 A I ¢ =~ 53 4
Falne L‘?J']lﬂ‘V]']I‘WNﬁﬂllﬂ'ﬁ@@Iﬂau%aﬁlﬂﬂsﬂu @']"ULu@ﬂll']‘ﬂ']ﬂﬂ?qﬂlﬂaﬂyjimﬂ"lﬂiuwaﬂ N

* NB. Singh, T.A. Gould, R.H. Hopkins, Journal of Crystal Growth, 78 (1986) 43-50.



a9

WAIINNISUNTNFIBI0ERONTBIET Sinadu daln dewalrainulusaiasvesansazany
wﬁﬂﬁ?uﬁwaaLLazms@mﬂﬁuLLaﬁimﬂﬁﬁuuamiﬂﬁwaqmsazmamﬁﬂaamlﬁLLaaﬁumuaaﬂlﬂ
gty arnnsmaunsadanalilugaennueadudl 320 nm aziinnsiisuaesnsini
\AouTunazA1ves Uv-cutoff  vesansazarsndnlnunadoulalalnsioureasn way
asavanendnlnunadoulalelasiaurlealn fgniesie lnslnadu daumn 5% lua ey
200 nm”" 4az 220 nm AT amﬁ’ﬁﬁuamaaﬂmmﬂsﬁa;ﬂaﬁléﬁqﬂiﬁ%lsaaqmiasmsmﬁﬂ

znnilUUsEeNALgUABAnNaaiueanll

Y 9

4.5 nMsfnedneurduguIneIvanEn

=

nsfnwdnvuzdugivinenewdn nwalsulalalasiauranma usans wan

9

Tnunadeslalalnsiaunenuia fignidese lnslnadu dawma 2% mol wazwdn Inunaden
lalalasiauvenia fignidese laslnadu daumn 5% mol TneAnwiainaimaigvesndes
QavnssmiBidnaseunuudaIngIa Bie JEOL Ju JSM-6460LV Tnewiendunudmiudienin
Faendes SEM Tsiiuuinaumun 2-3 mm anduthtusmiluinunssuiunisindeuiiduuis
N84

awil 42 (n) Wudnvueiufivesdn Inunadeulalslanaurena uiand ld
nmslandlain 12 kv awildidnvasdunsasundn Tnofvunudaziuuandnaiu
oedlsfinu sUnssnguiidnunenssiundniignaenulag Dongli Xu™ daudnuasiuia
vondniignide Tunmil 42 () waznnit 42 (a) WHudnvagiufovemdn Tunsdiiignide

oo laslnadu damls 2% mol hag 5% mol FeiubuanTanwausidunyiaend waag1alsh

A1 @WnAsuINnIsin XRD  wansliiiud auinvesgdaigadueandn Inunaideuls

I = ¥

lalasiaunemna USans uashignidenis lnslnadu daule ey amildainndes

Y
(%

SEM  39A5HaNuaEANgAaInY A9t anwaewana1aiulunng 42 a1aldldanuweay

[

dugruvadlawundn Inunadeulalalasiauneng wioraludanvaziuRaiiinainasiu

Yp3a15araNeNAnA1 I UTENINNISHAUNEN

* s, Balamurugan, P. Ramasamy, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy,71 (2009) 1979-1983.
> Dongli Xu, Dongfeng Xue, Physica B: Condensed Matter, 370: 84-89.
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HDE+TES, 2

AW 42 anvalgiiuivenanTivgnle

wivewan Inunaduulalalasiunena u3gns

=),

(n) anweuy

e

a =

(v) dnwauriuRivewdn Inunadeulalalasiaunenma ignilesie laslnadudaumn 2%
mol
(A) dnwaiziuRavewdn nuwnadeulalalasiaurena Agnidedme laslnagudama 5%

mol

= A a & a
4.6 NMsANEENURABLANNSN

MsAnwaudAladiannsnvewdn Tnuwnaweulalalasiaunasila auisavinldlee

v
v Aa = o

adundnmogdliidunsunng aamun 2 mm uaziedounniulifiduntiuasmda e
yiliAslassadsvesifiulszy wagltiedos Agilent E4980A Tnmnsiiladidnyianduninsy
AR 100 Hz §9 1 MHz figamniivies

il 43(n) uansdrmafiladidnninduimsvesndn Inunadoulalalasiaunenia
U3avis uazfignidedie laslnadu daun 5% mol mmsiivedladidnndnduinsvosndn
Tnunaideslalalnsaunlesna viavs fanunnniewdn Tnunadeslalslnsaunana
fignidedelasinadu damn 5% mol lnsidiAasivesladidnvnindusindgeanvesnan
Tnunadenlalalasiaulenia Usavs fo 73 dundn Tnunadeslelslasiaunenia fign
Fose lnslnadu dawmn 5% mol ddnsivedladidnminduinsgaan Ae 53 finmud 100
Hz

Sonnufifindu nuirdasiiveslndidnyinduivsaranas uazdund ol
1nnd1 10 kHz tukansdy finudannndt 10 kHz lelnalusudlianansandusn

a 56 a4 « = ) P ~ |
Pansauiuinin ™ wWiede lnstnadu dawln addundn lnwasulalalasiaunamwla nun

*° N.B. Singh, T.A. Gould, R.H. Hopkins, Journal of Crystal Growth, 78 (1986) 43-50.
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Ansfivesladidnninduivéiiaianas enainan lnslnadu damn  Tuunsnfegnielu
lassafrandn nunaeulalalasiauresa  dwanenisinisesdilalnavesndn
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Potassium dihydrogen phosphate (KH,PO,, KDP) single crystals have been long studied
due to their non-linear optical property. Also, these crystals can exhibit some ferroelec-
tricity when applying an external electric field. In the absence of the external field, the
remaining polarization is weak, and hence, the applications of KDP in the electronic
industry are limited. In order to enhance the ferroelectricity of the KDP crystals, tri-
glycine sulphate (TGS) was added to the KDP solution and then the doped crystals were
grown using the slow evaporation method. The results show that the properties of TGS
doped KDP crystals are similar to those of the pure KDP. However, the ferroelectricity
of the TGS doped KDP has been improved by the small addition of the TGS. These reveal
that the TGS molecules may disrupt the KDP lattice and hence, lead to the enhancement
of the built-in polarization.

Keywords Single crystal; X-ray diffraction; dielectric properties; ferroelectric
properties

Introduction

The nonlinear-optical properties of potassium dihydrogen phosphate (KDP) have been used
in various applications such as electro-optic modulators, harmonic and parametric genera-
tors. Apart from such optical properties, this material also exhibit ferroelectricity with the
ferroelectric phase transition at the temperature T, = 122 K [1-2]. However, the ferro-
electric property of the KDP crystal is weak and thus unsuitable for commercial products.
Many studies have been done to improve the ferroelectricity of pure KDP crystal, as well
as the preparation technique for large-grain crystals [3—4]. Although some dopants have
been added to improve the KDP crystals, tri-glycine sulphate (HCHNH,COOH)3;.H,SO4;
TGS) has been doped for the ferroelectric enhancement [5-8] since it shows a typical
second-order ferroelectric phase transition at T, 322 K [9-10]. Despite the improvement
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of the ferroelectricity, it is problematic to obtain large high-quality KDP crystals from the
mixture between TGS and KDP solutions. In this work, the main research aim is to dope
tri-glycine sulphate to the KDP crystals for the enhancement of the ferroelectric properties.
The slow evaporation crystal-growth method, one of the solution-based methods, was thus
used to grow large KDP crystals doped with tri-glycine sulphate. The grown crystals were
then subjected to characterization.

Experimental Procedure

The solution in this work was prepared using deionized water with the resistivity of 18.2 M2
cm. The initial concentration of the solution was set close to KDP solubility in water. TGS
with 5%mol was added to some solutions to grow the KDP crystals doped with TGS. After
adding all the solutes in the water, the mixture was stirred for approximately 2 hours to
dissolve all the ingredients in the DI water completely. In addition, the temperature of the
solution was controlled in a water bath with an accuracy of +0.1 K throughout the grow-
ing process. The temperature was decreased gradually to make the solution saturated, and
hence, grow the KDP crystals. The temperature of the saturated solution was stabilized at
about 313 K, within the ferroelectric phase. Crystals of pure KDP and KDP doped with TGS
were purified by the recrystallization process in the deionized water three times. This recrys-
tallization was done to remove other impurities and make the crystals clearer. In essence,
the purification process was required to increase the quality of the crystals and avoid the
alias result from the characterization process. The KDP and TGS crystals were successfully
grown as shown in Fig. 1(a) and (b) respectively. In Fig. 1(c), the KDP crystal doped with
TGS were harvested after 30—40 days of the growth process. No microbial contamination
was observed in all the growth solutions throughout the long growing process.

Results and Discussion

X-ray Diffraction Analysis

The Cu K« source was used to generate the X-ray radiation. The powder X-ray diffraction
(PXRD) patterns of pure KDP, pure TGS and the KDP doped with TGS were examined
at room temperature using a Bruker powder X-ray diffractometer. The PXRD spectra are
shown in Fig. 3. Well defined Bragg peaks are obtained at specific 26values in the XRD
pattern. This showed that the samples were a well-grown crystal using the slow evaporation
technique. The pattern of the TGS doped KDP sample is different to that of the pure TGS
but similar to that of the pure KDP. However, some different peaks can be observed from the
spectra as depicted in Fig. 3. This confirms that the TGS doped KDP sample has a crystal

Figure 1. (a) KDP, (b) TGS and (c) TGS doped KDP crystals. (Color figure available online.)
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Figure 2. X-ray diffraction pattern of KDP and TGS doped KDP single crystals. (Color figure
available online.)

structure similar to that of the pure KDP, the slight variation may reveal the interaction
between TGS molecules and the KDP lattice. Also, this result shows that the small amount
of TGS (~5%mol) did not have a strong influence on the KDP lattice, and hence the TGS
doped KDP is likely to have the orthorhombic structure.
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Figure 3. FT-IR of KDP and TGS 5% mol doped KDP single crystals.
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Figure 4. (a) Dielectric constant and (b) dielectric loss.

FI-IR Spectrum

A BRUKER IFS 66V FT-IR spectrometer was used to investigate the FT-IR spectrum
of the grown crystals. The KBr pellet technique was employed in the frequency range
400—4000 cm~!. The FT-IR spectra of both pure KDP and TGS doped KDP are shown
in Fig. 3. It is evident that the TGS molecules had some significant interactions with the
KDP molecules since some of the IR absorption peaks change significantly. Although the
samples were translucent under visible light, their transmittances under IR light decreased
significantly. Especially, when adding TGS to the KDP sample, the IR transmission through
the doped crystal is significantly lower than the pure KDP crystal. This may reveal that
the TGS molecules have a strong influence on the vibration of the KDP lattice, and hence
increase the absorbance of the doped crystal. This may show that TGS molecules were a
substitutional dopant for the KDP lattice. However, IR light with a wavenumber of about
23002400 cm~! can be transmitted through the doped KDP sample, instead of being
absorbed as it penetrated through the pure KDP sample. This may be because the large
TGS molecules hinder the vibration mode corresponding to the phonons with a wavenumber
within such range.

Dielectric Properties

The dielectric constant of the samples was measured using a Hewlett Packard 4194 A
Impedance/Gain phase analyzer. Samples of known dimension were coated with silver on
both parallel sides and then placed between the copper electrodes to form a parallel plate
capacitor. An electric field was applied in the frequency range 100 Hz to 1.5 MHz to investi-
gate the dielectric constant of the pure KDP and TGS doped KDP. As shown in Fig. 4(a) the
dielectric constant decreased in the presence of 5%mol TGS in the KDP lattice. However,
the dielectric constant becomes approximately unchanging between 1 kHz to 1 MHz. In con-
trast to the KDP crystal, the dielectric constant decreases significantly when the frequency
increases from 1 kHz to 1 MHz. This may show that the electric dipole moments of the TGS
doped KDP are weaker than those of the pure KDP. However, its dielectric relaxation time is
likely to be smaller than that of the pure KDP, and hence the doped sample has a frequency
response broader than the pure KDP. The graphs of the dielectric loss of the pure KDP and
TGS doped KDP are shown in Fig. 4(b). The graph of the TGS doped KDP is similar to that
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Figure 5. UV-vis spectra of KDP and TGS 5% mol doped KDP single crystals.

of the pure KDP. This reveals that the small amount of TGS did not have a strong influence on
the dielectric loss of the KDP lattice since the TGS molecules did not increase the resistivity
of the KDP lattice. However, the losses of the doped sample at frequencies lower than 10 kHz
are slightly higher than those of the pure KDP. This is probably because the TGS molecules
corrupted the KDP lattice, and hence led to the higher leakage current through the sample.

Optical Absorption Studies

Optical absorption spectra were recorded using a Shimadzu (Model 1601) spectrophotome-
ter. The spectra were recorded in the wavelength 200-800 nm. Figure 5 shows the optical
absorption spectra of pure KDP and TGS doped KDP solutions. It was found that pure KDP
solution has an absorption lower than TGS doped KDP. The UV cut offs of pure KDP and
TGS doped KDP is 203 nm. This shows that doping the solution with TGS did not shift the

Figure 6. SEM of (a) KDP and (b) TGS 5% mol doped KDP single crystals.
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Figure 7. Hysteresis of KDP and TGS doped KDP single crystals.

UV cut off frequency. However, the percentage of absorption was increased due to TGS
addition.

SEM Micrograph

A scanning electron microscope (SEM) was used to determine the surface morphology of
the grown crystals. The surface pictures of the pure KDP and TGS doped KDP crystals
are illustrated in Fig. 6(a) and (b), respectively. The results show that the doped KDP has
a smooth surface while the pure KDP has a rougher surface. This shows that the TGS
molecules have an effect on the surface morphology. With fewer defects and imperfections,
the TGS doped KDP crystal may have a more suitable surface for further fabrication
processes.

Ferroelectricity

A Sawyer-Tower circuit [11], using a RT66A ferroelectric test system, was operated at
273 K to measure the ferroelectric hysteresis of the crystals. The results of both pure KDP
and TGS doped KDP are shown in Fig. 7. It is evident that the polarization of the doped
crystal increases significantly. Without an external electric field, the polarization of the TGS
doped KDP were approximately four times larger than that of the pure KDP. This reveals
that the small addition TGS to the KDP lattice can promote the electric dipole moment in a
KDP lattice. The TGS molecules may corrupt the lattice, and hence, the corrupted structure
hinders the dipoles to move freely in the absence of the electric field. The aligned electric
dipoles remain in the lattice architecture and produce a strong built-in polarization [12].
However, this stronger polarization may not be able to form the electric domain at 273 K.
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As aresult, the pure and doped KDP crystals did not show the ferroelectric property. Their
polarization characteristics were similar to an ideal resistor.

Conclusions

A TGS doped KDP crystal was grown successfully using the slow evaporation technique.
In essence, the TGS molecules have an influence on the KDP lattice, especially the fer-
roelectricity. With a small addition of TGS to KDP the remaining polarization became
significantly larger than that of the pure KDP, and hence, the ferroelectricity of the KDP
could be enhanced. On the other hand, TGS molecules also have an influence on the optical
property of the KDP lattice.
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