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Eanarypoa A.M., .Unoyra M., MHpoHona f.M. P14 - 11981 

KpiiCTannorpaljlH'IeCKHe naHHbie nHcynbljlHna rannHSI rannHSI 

Ha Hei!TpOHHOM nHijlpaKTOMeTpe no apeMeHH nponeTa onpeneneHbi KpHc-
TannorpaljlH'IeCKHe naHHbie OHCynb<jJHna Ta·nnHSI rannHSI, Tf GaS 2 . KpHcTann 
RMeeT nceBOOTeTparoHSnbHYIO CHMMeTpHIO CO CBepXCTpyKTypHblM nepHOOOM 
BJlOnb OCR C, B 8,2 paaa npeBblWBIOIUIIM OCHOBHOll. np.rp. P2 1 HnH P2 1 /rn, 
a. b •7,314.!_0,004, c =59,99_!.0,03 A, r =90° 10'.!.7: v., =3208,5 ~3.z=32. 

Pa6oTa Bbmonaeaa a fla6opaTopHH ael!TpOHHOll cpR3HKH OJ.1HJ.1, 

Coo6meHHe 06be/lHHeHHoro HHCTHTyTa SlllepHbiX HccneaosaHHii • .Uy6Ha 1978 

Balagurov A.M., Dlouga M., Mironova G.M. P14 - 11981 

Crystal Data for Thallium Gallium Disulfide 

Crystal data for thallium gallium disulfide, TfGaS 2 

have be~n determined using the time-of-flight diffracto
meter. This compouna has been found to be pseudotetragonal 

with a superstructure along the c axis, c/a =8.2. Space 
group is either P21 orP21/m

9
'3b=7.314±0.004, c~59.99± o.o3il, 

y =90° 10' t 7', V., =3208.5A , Z =32. 

The investigation has been performed at the 

Laboratory of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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B nocJie,lJ.Hee BpeM.II. 6oJILllloe BHHMaHHe y)J.eJI.II.eTc.ll. 

llOJIY'ICHHIO H HCCJIC,lJ.OBaHHIO CBepxpelllCTOK, KOTOpLIMH npH

H.II.TO Ha3hlBaTL MHorocJio~Hhle nepHO)J.H'IeCKHe CTPYKTYPhl 

C OCHOBHLIM nepHO,lJ.OM OT 3 )1.0 10 J\, HCKa)I(CHHLIM BJIH.II.HH

CM )J.OllOJIHHTCJILHOrO llOTCHUHaJia C nepHO)J.OM, B )J.CC.II.TL 

H 6oJiee pa3 npeBOCXO)J..II.IUHM llOCTO.IIHHYIO pelllCTKH/l/. 

KpoMe HCKyccTBeHHO noJiy'laeMhlX cBepxpellleToK, cymecT

BYIOT COC)J.HHCHH.II C CCTCCTBCHHhlM npO.IIBJICHHCM CBepx

nepHO,lJ.H'IHOCTH, HanpHMep, cnJiaBhl THna Cu Au, noJIHTHn

Hhle noJiynpoBO)J.HHKOBhle CTPYKTyphl, CJIOHCThle noJiynpo

BO)J.HHKH H T .)1.. Ilpe)J.CTaBJI.IICT 60JILlllO~ HHTepec KaK 

Bhl.II.BJICHHC TaKoro po,l1.a COC)J.HHCHH~, TaK H H3Y'ICHHC 

KOHKpeTHhlX CTPYKTypHhlX oco6eHHOCTe~, cPOPMHPYIOIUHX 

cBepxnepHo)J.. 

B xacTOBIUee BpeMJI y:>Ke xopolllo H3y'leHa cBepxnepHo

)J.H'IH~lL B 6HHapHhlX CJIOHCThlX llOJiynpOBO,lJ.HHKaX THna 

GaSe 
2 

• CymecTBeHHO MeHLllle cBe,lJ.eHH~ HMeeTc.ll o Tpo~
HhlX XaJILKOreHH)J.aX, 'laCTO TaK)I(e o6pa3yiOIUHX CJIOeByiO 

CTPYKTypy. KpHcTaJIJiorpa$H'IeCKHe ,lJ.aHHhle o coe)J.HHCHHH 

TfGaS 
2 

BnepBLie npHBe,lJ.eHhl B pa6oTe/3~ B KOTOpO~ 
3TOMY KpHCTaJIJIY npHllHCaHa TeTparoHaJILHa.ll CHMMCTpH.II 

c napaMeTpaMH B'le~KH a =7 ,29±0,05 H c =29,9±0,6 A , 
c/a =4,1, T.e. o6Hapy)l(eHa CBepxcTpyKTypa c y'leTBepe

HHeM OCHOBHOrO nepHO)J.a B)J.OJIL OCH c. B 6oJiee ll03)1.He~ 
pa6oTe/4/y H30Mop$Horo coe,lJ.HHeHH.II TfGaSe 2 , KOTO-

poe B/3/ KJiaccH$HUHpyeTC.II no)J.o6Ho Tf GaS 2 , KaK HMe-

IOIUee TeTparoHaJILHYIO CHMMeTpHIO, 06Hapy)l(eHO He6oJILlllOe 

OTKJIOHeHHC aKCHaJILHOrO yrJia OT 90° H yBeJIH'IeHHe nepH

O)J.a B)J.OJIL OCH c eme B )J.Ba pa3a. )J;JI.II napaMeTpOB 

3JieMeHTapHo~ x'le~KH Tf CaSe 2 B/4 / npHBO,lJ..IITCJI 3Ha'le-
Q 0 , ' 

HHJI: a= b =7 ,60±0,08, C =62,72±0,08 A, y =90 20 ±5 • 
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TaKHM o6pa30M, 6blnH OCHOBaHHB nonaraTb, 'ITO TfGaS 2 
TaK*e BBnBeTCB nceB~OTeTparouanbHbiM H B03MO*Ha CBepX
CTPYKTypa c nepuo~oM, npuMepuo B 8 pa3 npeBbiWaiOlllHM 
OCHOBHOH. 

Hawu uccne~oBaHHB 6wnu nwnonueuw ua HMnynhCHOM 
peaK Tope Hli P- 30 llH(J> OHJIH c noMOlllhlO ueiiTpouuoro 
M4JpaKTOMeTpa no npeMeHH nponeTa I.UBTII/ 51. HeiiTpou
uwii ,UBTI o6na~aeT cneuu4JuqecKHMH oco6euuocniMH, noJ
nonBIOlllHMH onpe~enBTb 6onbWHe nepuo~bi B KpHcTanne 
c xopoweii TO'IHOCTblO. Bo-nepnwx, on ~aeT B03MO*HOCTb 
npOBO~HTb H3MepeHHB cpaBHHTenbHO 6onbWHX Me*nnOCKO
CTHWX paCCTOBHHH npH yrnax pacceBHHB, 6nH3KHX K 180°, 
KOr~a CTaHOBBTCB ManocymeCTBeHHWMH CHCTeMaTH'IeCKHe 
OWH6KH, CBB3aHHbie C ycTaHOBKOH H lOCTHpOBKOH KpHCTan
na. Bo-BTOpWX, MeTO~ BpeMeHH nponeTa n03BOnBeT BCe 
H3MepeHHB npOBO~HTb npH 4JHKCHpOBaHHOM yrne pacceBHHB, 
T .e. HCKniO'IaiOTCB KaKHe -nu6o MeXaHH'IeCKHe nepeMemeHHB 
KaK o6pa3Ua, TaK H ~eTeKTOpa, 'ITO TaK*e yMeHbWaeT 
BnHBHHe CHCTeMaTH'IeCKHX OWH60K. 

Bw6pauuwii ~ng 3KcnepuMeHTa KpHcTann TPGaS 2 
HMen BH~ nnaCTHHbl TOnlllHHOH - 1 MM, nnoma~blO OKOnO 
1 cM 2• Ocb c 3neMeuTapuoii B'IeHKH KpHcTanna nepneu
MKyngpua llOBepXHOCTH nnaCTHHbl. 0CHOBHaB 'IaCTb 3KCne
pHMeHTanbHbiX ~aHHbiX nonyqeua npu yrne pacceJJHHB 160°, 
KOHTpOnbHble H3MepeHHB 6blnH BbiiiOnHeHbl npH 20 =166~ 
113MepBnHcb ~u4JpaKUHOHHble cneKTpbi ceqeuuii L hoP l , 
( 0 k f .) H ( h h e) , 3KCUepHMeHTanbHbie ~aHHble 06 OT
pa*eHHBX, KOTOpble JaTeM HCnOnb30BanHCb ~ng onpe~ene
HHB napaMeTpOB 3neMeHTapHOH B'IeHKH, npHBe~eHbl B ma6A.J. 

3KcnepuMeHT~nfHble cneKTPbl o6pa6a TbiBanHCh no npo
rpaMMe DIFPAT 6 , B KoTopoii ~ng onpe~eneHHB ocuon
HbiX napaMeTpOB ~H4JpaKUHOHHOrO IIHKa npHMeHBeTCB MeTO~ 
COBMellleHHB HeKOTOpOH MO~enbHOH 4JyHKilHH C peanbHbiM 
o6'beKTOM lno~po6uee cM/7/ I. B Ka'IeCTBe Mo~eneii Mbl 

HCnOnb30BanH HaH6onee HHTeHCHBHble ~H4JpaKUHOHHbiC nHKH 
oT TPGaS

2
: ( 0088) ~ng IIHKOB c A < 2 A H ( 0048) 

~g nHKOB c A > 2 A. Mo~enbHble nHKH npoxo~unu npoue
~YPY crna*HBaHHB H BBO~HnBCb B nporpaMMY o6pa60TKH 
B BH~e rHCTOrpaMMbl. 

Onpe~eneHHble TaKHM o6pa30M nono*eHHB IIHKOB, 0603-
uaqaeMble ~anee P 3 , o6pa6aTbiBanucb no nporpaMMe 

4 

Ta6Aulla 1 

3KcnepHMeHTanbHWe TfGaS 2 ~aHHWe 06 OTpa*eHHBX OT 
npH () =80° llpHBe~eHbl UH~eKCW Munnepa, HOMep Kana-
na auanH3aTOpa lnpH IIIHpHHe KaHana 32 MKCI H HHTerpanb-
Hail HHTeHCHBHOCTh IIHKa B n I~. 

HK L N. I H I( L IV'? I 

0 0 16 3339 200 0 4 0 1631 II49 
0 0 24 2228 99 0 8 0 SIS 3676 
0 0 32 1673 220 0 12 0 547 !038 
0 0 40 1339 137 0 16 0 4Il 76 
0 0 44 1218 6 
0 0 48 III7 1541 0 2 30 1569 380 
0 0 52 !033 5 0 3 45 I04G 647 
0 0 56 958 1295 0 5 75 631 49 
00 72 746 1364 
0 0 80 673 21 0 I 27 1898 60I 
0 0 88 612 1790 0 2 54 951 490 
0 0 96 561 !53 
0 0 !04 518 37 0 4 48 922 1280 
0 0 120 450 22 0 5 GO 750 308 

4 0 0 !631 696 2 2 20 I74G 969 
8 0 0 8!8 2860 4 4 40 875 314 
12 0 0 547 730 6 6 60 586 298 
16 0 0 4II 47 

2 2 28 1468 4296 
I 0 29 1774 910 . 4 4 56 738 600 
2 0 58 890 I20I 

2 2 44 !080 756 
4 0 32 II69 86 4 4 88 512 420 
5 040 924 !0'79 
!0080 465 104 4 4 0 II 54 2784 

8 8 0 579 960 

PARAM/ 6
/ . C llOMOJ.J..{blO KOTOpOH OUpe~enBnHCb C06CTBeH-

HO napaMeTpW 3neMeHTapHOH B'IeHKH KpHCTaJina. 3Ta npo-
rpaMMa MHHHMH3HpyeT 4JyHKilHOHan 

xz = 
2 2 2.(P.1 - P

8
) /a , Ill 
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p -2 r,D.e 
8 

- BhlqucneHHOe nonmKeHue nuKa, a - secoshle 
MHO>KHTenH, CYMMa 6epeTCJI no 3KCnepuMeHTanbHhiM TOq
KaM. )l;nJI BbJqucneHHJI P B ucnonb30Banacb <lJopMyna 

P
8 

= C /H + P0 , 
n 

121 

r,D.e C 2. ~. f sin8 - nOCTOJIHHaJI npu6opa, B KOTOpyiO 
n h To 

BXO,D.JIT rn - Macca HeHTpOHa, h - noCTOJIHHaJI llnaHKa, 
f - nonHoe nponeTHoe paccTOJIHHe oT 3aMe.D.nHTenJI HeiiTpo
HOB .D.O o6pa3u.a, To - UIHpuHa KaHana speMeHHoro aHanu-
3aTopa, ~ - C,D.BHr Me>K.D.Y 3anyCKOM aHanu3aTopa H HM" 
nynbcOM MOIIJ.HOCTH peaKTopa, H- Mo,D.ynb seKTopa o6paT

HOH peUieTKH, onpe,D.enHeMhiH Bblpa>KeHueM 

H2 ~ }; h. h -b -b- , 
1 ] 1 J 

131 
... 

r,D.e hi - HH,D.eKCbl Munnepa, bi - 3neMeHTapHbie TpaH
cnJIU.HH B o6paTHOH peUieTKe KpHCTanna, CBJI3aH
Hbie C napaMeTpaMH 3neMeHTapHOH JlqeHKH a. , CHCTe-

... 0 1 

MOH ypaBHeHHH ai bj = (\ . ij . CHMBOn Kpo-
HeKepa. llocTOJIHHaJI npu6opa onpe,D.enHnacb B H3MepeHHJIX 
co cTaH,D.apTHblMH o6pa3U.aMH I.D.nJI 3TOH u.enu ucnonb3osa
nucb nonuKpucTannbi anMa3a, KpeMHHJI u Monu6,D.eHal, npu 
28 =160° H TO =32 MKC Cn =1879,79±0,181 ~. BecOBble 
MHO>KHTenH B /1/ onpe,D.enJlfiHCb H3 COOTHOUieHHJI 

a 2 2 2 2 
ap + ao + (8. p3) ' 141 

r,D.e a2 - CTaTHCTHqecKaJI ,D.HCnepCHJI p CJ , a O, H 0 -
MHHHMkflbHble a6COfilOTHaJI H OTHOCHTenbHaB norpeUIHOCTH. 
BenuqHHbl a

0 
H 0 BBO,D.HfiHCb ,D.fiJI BblpaBHHBaHHJI BeCOB 

3KcnepuMeHTanbHblX ToqeK u nonaranucb paBHhiMH 0,05 
H 0,0001 COOTBeTCTBeHHO. llpH MHHHMH3aU.HH <lJyHI<U.HOHana 
I 1/ sapbuposanucb I b i I, KOCHHYChl yrnos Me>K.D.Y b. u b. 
u senuquHa P 0 . 

1 

.1 

llapaMeTpbl 3neMeHTapHOH JlqeiiKH onpe,D.enHnHcb B ,D.Be 
CTa,D.HH: CHaqana HaXO,lJ.HfiHCb BenuqHHbl b I , b 2 H b 3 H3 
cnei<TpOB OT 6a3HCHhiX nnoCI<OCTeH (h o 0), ( o k o) H 
(oaf) COOTBeTCTBeHHO, 3aTeM npH <lJuKCHpOBaHHblX bi 

6 

;~ 

\1 
J 

HaXO,D.HfiHCb yrnbl a* , {3* H y* H3 cneKTpOB OT ceqeHHH 

(okPl, ( horl 
y* onpe,D.enHnocb 

H ( h hf} , COOTBeTCTBeHHO, npuqeM 
npu <lJuKcuposaHHblX a* u (3*. B ma6A. 2 

npuse,D.eHhl 3KCnepuMeHTanbHble u BbJqucneHHble nono>KeHHJI 
llHKOB ,D.fiJI llfiOCKOCTH ( 001) , cpe,D.Hei<Ba,D.paTHqHbJe OTKfiO" 
HeHHJI P , onpe,D.eneHHbie no I 41, u senuquHbl OTKnoHeHHJI 
P oT P B e,D.HHHU.aX a : ( P :3 - P 8 ) I a • 

B n '3 u 6 u ,._.,nJI fiHHeHHblX napaMeTpOB 0 paTHOH peUieTKH nonyqeHbl 

cne,D.yromue 3HaqeHHH: 

b I = b 
2 

= 0,1367 4 ± 0,00004 A-I ( Xn 0,90) 

o I 
b 3 = 0,016671±0,000802A- (xn 2,21) 

16/ 

,D.nH yrnOBbiX napaMeTpOB: 

a* = {3 * = 90"00' ± 18, (X = 0,43) 
n 

/11 
y* = 89"50' ± 7, <x = 

n 
1,5) ' 

2 I 2 3,D.ecb Xn = (x /n-m) · , n - qucno 3KcnepuMeHTanb-
HblX ToqeK, m - qucno sapbupyeMblX napaMeTpos. KoHTponb-
Hble H3MepeHHJI cneKTpOB OT ( 001) npH 20 =166 ° 
,D.anu ,D.nH b

3 
=0,016676±0,000002 A --I, qTo B npe,D.enax 

.D.BYX CTaTHCTHqecKHX CTaH,D.apTHhiX OTKfiOHeHHH COBna,D.aeT 

C pe3ynbTaTOM 161. 
)l;nJI napaMeTpOB 3neMeHTapHOH Jl~eHKH KpHCTanna, npe,D.-

nonaraJI, KaK u ,D.nJI TPGaSe 2 np.rp.P2I unu P2 1/m, 

HMeeM H3 161 H 111: 
0 

a = b = 7,314±0,002 A 

0 

c = 59,986 ± 0,005 A 181 

y = 90°10, ± 7,. 

XoTJI ToqHOCTb onpe,D.eneHHJI aKcuanbHoro yrna y Hesenu
Ka, <lJaKT y,D.soeHHJI napaMeTpa c no cpasHeHHIO c senuqu
HOH, HaH,D.eHHOH B/3/, HeCOMHeHeH, T .I<. Ha6mo,D.anocb 6onb
UIOe qucno nHKOB c HeqeTHbiMH r I ( 1029)' ( 0045)' 

( 0127) H .D.P./· 
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Ta6AUI.Ia 2 

3KcnepHMeHT&flhHhle H Bhl'IHCflHTeflhHhle llOflO)f(eHHH ~H-

I!JpaKIJ.HOHHblX llHKOB OT llflOCKOCTH ( 001) TfGaS 2 npH 
f) =80' ' n - HOMep llOpH~Ka OTpa)l(eHBH 

n fl/9 (1' Np J 

16 3339,0 0,4 3340,0 -3,2 

24 2228,4 0,2 2228,5 -0,3 

32 16?2,9 0,2 1672,7 1,0 

40 !339,5 0,2 1339,2 !,8 

44 1218,5 0,4 1217,9 1,5 

48 III7,3 O,I III6,8 3,6 

52 1033,0 0,9 1031,3 1,9 

56 958,0 O,I 958,0 -0,6 

72 745,9 O,I 764,3 -3,9 

00 673,3 0,6 672,2 - 1,8 

88 6II,8 O,I 6II,5 2,6 

96 560,8 0,1 561,0 -1,8 

!04 517,8 0,2 5!8,3 -2,3 

!20 449,6 0,3 449,8 -0,9 

Own6KH napaMeTpoa B /8/ He y'IHThlBaiOT Heonpe~eneH

HOCTH B llOCT011HHOH llpH6opa H HeTO'IHOCTeH npH YCT&HOBKe 

H IOCTHpOBKe o6pa3IJ.&. IlpH 2(} =160" BCe CHCTeM&TH'IeCKHe 
2 

norpeWHOCTH COCT&Bfl1110T npHMepHO 5· 10- o/o. yqyg HX, 

nony'IHM OKOH'I&TenLHhle KPHCTannorpai!JuqecKHe ~aHHhle 

~11 TfGaS
2 

. 

CHMMeTpH11: P2 1 anu P 2 1 /m 

0 

a b 7,314 ± 0,004 A 

c 
0 

59,99 ± 0,03 A, 8,2 c/a 

y 90"10'±7' 

8 

~ 

•i 

"" 

v = 3208,5 .A 3 
c /9/ 

z = 32. 

3TH BeflH'IHHhl I!JaKTH'IeCKH paBHhl /c yqeTOM y~BOeHH11 
,. e " I 3Ha'leHH11M napaMeTpoa H3 pa6oTL/31, HO TO'IHOCTL 

ax onpe~eneHH11 6onee 'leM B 10 pa3 nyqwe. 

HTaK, TPGaS 2 , aHanorH'IHO TPGaSe 2 , o6Hapy)f(H

aaeT /npH KOMH&THOH TeMnepaType/ CBepxcTpyKTYPHbiH 

nepao~ oKo~o 60 A. Bh111CHeHHe KOHKpeTHoro MexaHH3Ma 

o6pa3oBaHH11 caepxcTpyKTypw Tpe6yeT onpe~eneHH11 nono
)f(eHH11 a TOMOB B gqeifKe. 

B JaKniO'IeHHe aBTOPbl 6naro~ap11T K.P.Annaxaep~ueaa 

Ja npe~oCTaaneHHe KpHcTanna. 
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