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TR 52 9 K 2548, 91 4n CdSe/ZnS, CdSe/Cds,
CdS/ZnS, CdS/ZnS/Si0, 45 10, il & X Lek% /5E40
Kedh GRS T4 20 T BB A BRI S LR RE,
HR, XSGR AR A PR, A LB A 9K
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B k. R, TS TR S Aok MERL, D7 ik 1]
B RAMRT, A RIE G Cr $87% ZnS
CdS IR ZEA B FR D, £ K Cr B 4211 ZnS
F1 CAS R EEFIREAE Z IR T 7™ AR R M iy i />
Z b IFH. Cr 2AEREMCE, Cr $824% ZnS A1 CdS
YOREEMREAE IR T 7 AR BRRE T, A3 20 R FH
1B, XPRRRETE A BRI, B RDETERF ST,

A SO L 45 Cr #8322 ZnS #1 CdS
YUK EER, DR T 4540 B A A o DL R =
TERREME. 24 Cr & Rk B R F A 43 ol 7.25%
5% 4.31% B, Cr 844464k ZnS | EHMEZ, JEE N
220290 nm. /Al Cr #8244 ZnS 1 CdS Gk 454
FH FIRARREYE, W4l ZnS 94K 2540 R B
WRIBRENE. Cr $84% ZnS(Cr R F AN 4.31%,
7.25%) M CdS(Cr JFF AN 1.84%, 2.12%) (il
FIEALSREE M, 4350 2.314 x 103, 5.683 x 103,
2.351 x 103 Ml 7.525 x 10® emu/g (1 emu/g =
10 3A-m?2/g). Cr 82441 ZnS Fl CASHNALEHE 14k
REMEAC IR S5 122" AR RO AS A SR A AT G

2 L I
2.1 WEFEHEREF

S Fp 8T B9 A 2 1R 2 2 B Al iR, o
Bt — AR AR BRI Rl (A HLI R £ B
1% (BA) 1L 1% (EN). A 5256 1E A 4 52 96 2 il

b, AW AL S5 A ST AL BRI o
T AT Cr B4 s ML B0 ZnS 91K A, #
1 mmol A LEF (ZnO) F1 1 mmol ik (S) HEAE
10 mL Z Z i 20 mL Z R AR SR, 1)
REBFINMA 0.025 mmol ¥R, ¥HRS YR )
Pt 10 min /5, PRSP AIA 0.250 mmol 75
KEED (CrCly-6H,0). FIRA i+, 15 min,
SRIGHALH 40 mL 5 DU 20 N AT BN 5 80 I g
s gkEERi b 15 min. %S, 78 30 min N, %
e R ZMAAE] 200 C IFFEIZIRE T IR%F 24 h, &%
5 HARE I B =G WEEDLEY), ROk QB2
BFOKEEBRBOK, 16 60 C F, HasfH T4 6 h
FHIEALL 5 1 2 ) 2 LALRE o, ) 5 O RE i 53
BC SRR AR F, I 1 Frgl.

2.2 MEgENLRK

it 9 ol A 235 4 AL 2 B T X2 e A 5
(XRD)(Mac Science M18XHF22-SRA, Cu Ko #,
A = 0.154 nm) FRAE; G A3 R L 7 260
5% (SEM)(Philips XL-30) 31 ; i i B 8 2 i
S5 (EDS) IR i i) Ao 4, 38 5 AR Sl A
REHETT (VSM, Lake 7400) ZEAFAE S AOREMERE.

3 #RE54#H
3.1 WAL

it XRD Fik AT iR S Ffb A AL, 14 1
J& Cr 2% ZnS 99K 5 1) XRD Eli, =& #h4 o
BIXTRAEAR A (Cr JRTFHAr R 4.31%, a); FEAS
B (Cr BT H 4R 7.25%, b); FEA B (Cr BT
H4T N 0.00%, e). K 2 5 CriB2% CdS 44k
1) XRD 3, =45 Zesrmixi A C (Cr J5ir
BN 1.84%, ¢); FEAR D (Cr JEFESMEA 2.12%,

# 1 WA (A—TF) MRBAM: (A SCRTE 200 C F R 24 h)
Table 1.  Reaction conditions of the prepared products (All experments are carried out 200 °C for 24 h).

Sulfur, zinc and cadium

Chromic chloride Concentration of oxalic

Sample Compsition of solvent/mL source/mmol hexahydrate /mmol acid /mmol
A 10 EN + 20 EA 1S +1%Zn0O 0.250 0.025
B 20 EN + 10 EA 1S+ 17Zn0O 0.500 0.025
E 15 EN + 15 EA 1S+ 17Zn0O 0 0.025
C 10 EN + 20 EA 1S +1CdO 0.250 0.025
D 20 EN + 10 EA 1S4 1CdO 0.500 0.025
F 15 EN + 15 EA 1S4 1CdO 0 0.025
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d); FEAF (Cr JEFA5HEH 0.00%, ). Cr $82% ZnS
FR AT S5 06 17 26 J2 27.91°, 32.72°, 47.43°, 56.98°,
58.76°, 68.87°H 76.90°, 5 (111), (200), (220),
(311), (222), (400) F1 (331) /NHLFAEH" ZnS fb T
FHXF I, X 5 [PDF 65-16917(ICCD, 2002), a =
0.3820 nm, ¢ = 0.6257 nm] t—%{. Cr 4% CdS
B A7 S W A7 260 J& 24.70°, 26.32°, 28.55°, 37.14°,
43.66°, 48.28°, 52.23°M1 54.60°, 5 (100), (002),
(101), (102), (110), (103), (112) A1 (201) /N H
LR CAS 1Y A T AR XN, X5 [PDF 41-1049
(ICCD, 2002), a = 0.4150 nm, ¢ = 0.6750 nm] #f
—2 B 1A 2 ORI CrySy BUE A HAR S —
FH, X R Cr’tE—E B BB A S ZnS F1 CdS

(1?1)

(220) Cr ZnS 7.25%, b
(311)

i_(%oo) J222)  (400) (331)

Cr ZnS 4.31%, a

Intensity/arb. units

Cr ZnS 0%, e
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20/(°)

1 CriB2% ZnS 99K R i) XRD B, =4 i 243 5 %t
MEEAS A (Cr J&F H 43 bR 4.31%, a), HEA B (Cr R+ H
SR 7.25%, b) FIEEAR E (Cr JF 1 40 Fe ol 0.00%, e)

Fig. 1. Some of the powder XRD patterns of Cr-doped ZnS
nanosheets. Three curves correspond to sample A (atomic
percentages of Cr is4.31%, a), sample B (atomic percent-
ages of Cr is 7.25%, b), sample E (atomic percentages of Cr
is 0%, e), respectively.

(101)

Cr CdS 0%,

(002) ) ;
% (mml {J‘ 110) Cr Cd? 2.1)2%, a
5 A (102) (103) (112) (597
=] ___Jd - §
2 ]
& t fu" Cr CdS 1.84%,
3‘ .—_JU ‘*—«-—......Ih.......-l
@
2
[0}
g
=
=

i
Al
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20/(°)

B 2 CriBZt CdS 44K A i XRD [EE, = & 2643 5l %t
REFEA C (Cr 7 4 el 1.84%, ), ¥EAR D (Cr T H
SR 2.12%, d) FIEEA F (Cr JEFH 43 L 0.00%, f)

Fig. 2. Some of the powder XRD patterns of the Cr-doped
CdS nanosheets. Three curves correspond to sample C
(atomic percentages of Cr is 1.84%, c¢), sample D (atomic
percentages of Cr is 2.12%, d) and sample F (atomic per-
centages of Cr is 0.00%, f), respectively.

raAg . AN 1 R, AR ST RN, Cr 84
ZnS 1 (111) WA B AHXS T 46 ZnS (1 (111) W&
BRI AR Eh T 0.2°, XIES T Cr¥+B A
ZnS fhHE 1 Cr $824% CdS 1) (100) W {E A7 B AH
XFFARBIEY CAS # (100) R &= A R 0.3°,
WE 208, Cri8Z% ZnS 1Y (111) F¢1iF 06 1 5%
JEE R SE 3G K, RBHGUR S M AE A AT A
WA R AL, Rl TR Ot (Re, =
0.0890 nm) MY &, AR N Zn>E Cd*
(Ry, = 0.0740 nm, Ry = 0.0970 nm) 1Y & TR0
PR RIS RLAS TS A2 (2dsing = k) AT LA
WESEA /D Cr 8 A ZnS Al CdS kg .

3.2 WO

Kl 3(a), [ 3(b) FIEl 3(e) 41T Cr $84% ZnS
1) SEM KIZE, $87% Cr MIEF E 73 sl h 4.31%,
7.25%, 0. [# 3(c), I8 3(d) FI& 3(f) 5 T Cr
%% CdS ) SEM EI %, 2% Cr IR H 43t 51
9 1.84%, 2.12%, 0. Cr $B4% ZnS HIEH £ &
PR NK R H R, a5 Cr 82 ZnS 9Kk A
(I8 3(a), &l 3(b) A 3(e)) HIEEA:, FTLAF 48k
R IEHBIET Cr BN ZD. Y Cr S EN
T EH 5 Heoh 4.31% 5% 7.25% B, Cr $84% ZnS 44
KA GACR—FE, TS, JEEEZ R 210290 nm,
K 1B A% ZnS AYTE S AR X 42 5 00 4 ok F 2.
Cr 4% CdS WL S R RHK f, il il th K Cr
B2 CdS 4k H (K 3(c), A 3(d) FIE 3(f)) ke
i, AT DVE YUK R IIESS Cr Baa 2 /I,
AF] Cr #82% CdS MBS HIEREEZS R 120—190 nm
B AER G K 4R, ZnS B 5 ZnO MIFEIK7S
T EFEE AR 25 #) . Kumar 55 31 fil Cheng 45 14
Ri&, F Cr 824 ZnO 90K SR, (SN —
4t (1D)NPC [0] 4k (2D)NS SR AR, (HAEE
MY, TEARB I Cr $84% ZnO K fik 4 K I
], BT AT U TV S5 2 A R . Rk, 1D %)
2D AR AR TE S G A8 AN SR DTTE FSAZ A5 R 25
B, MUEBLAA O HE FEH MR, 840 Y3
BET53 ZnO M 1D ZnO #k#ES] 2D ZnO 90K H
HIZEAIIE AR 19, 8 Cr3+ B 1 (YR T CrCly-6H,0)
FIAB W, T2 CrO, [ B FFIciB 450, Al fE
TR R FT 268 : Cr3t + OH — Cr(OH); +
OH — CrO3 . 7£ [001] i I, CrO5 (¥ F ot
B2 5 IE fL Zn2t 4 JE@ B R, T 4
[001] A A=K, fE LR HrigEa I, 32 TIRE
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1 pm

B 3 (a), (b), (e) CriBZ% ZnS 4K 1) SEM B % (c), (d), (f) Cr#52% CdS 44K Fr 1Y SEM B %, 2% Cr (9T 1 4> e 2 51

(a) 4.31%, (b) 7.25%, (e) 0, (c) 1.84%, (d) 2.12%, (f) = 0

Fig. 3. (a), (b), (¢) The SEM patterns of the Cr-doped ZnS nanosheets; (c

(d), (f) the SEM patterns of the Cr-doped CdS

)7
nanosheets. The atomic percentages of Cr doping are (a) 4.31%, (b) 7.25%, (e) 0, (¢) 1.84%, (d) 2.12%, (f) 0, respectively.

I Cr 828 ZnS A= Ko R al REIE U LEEAN T -

Zn>" + zEN 4 [Zn(EN)_]**, (1)
Zn** + yEA  [Zn(EA), 7T, (2)
Zn*t + 8% & ZnS |, (3)

(1 —2)Zn*t +S*" +2Cr*" < Zny_,Cr,S | . (4)
TEE R RIS BT, IR S BAE T AY Zn I 3252
Pl [Zn(EN) )2t [Zn(EA)y)2 88 T R A1, H
R In PR LN o @ T AEAE (RO (1) A (2)),
XA B TR BR G YD Zo B E. HIRE
TR RAINARINS | S S0 i 24 50 b 73 A B 1l %5 1
(RN (3)). £ F—2h, S* B # 5 Zn? &M
Criv B F IR, Zny ,Cr,S, WIRY (4) TR,
M 7m, Cr,S WeJE ik Bt AT, Zn, Cr,S M
Fie 8 Zn, Cr,S MR AR I MR iRA K. R,
Cr 872 CdS HA MR FE. A%t [001] J5 )
LR R AZ BRI, AR AR K, X B0E
B 2D Cr 24 K ZnS-NS. H44K A 241 % /Y = 4
(3D) 43 )2 4EIR Cr-ZnS 7 it 5 R 4B A% ZnS YK
LS 58 AN 6], O Hax A2 4 vl 6 3 2D NS
5 1D NPC MLk, A1V Bir R fe.

3.3 =MD
Kl 4(a) FIE 4(b) 45 T Cr $84% ZnS 1 EDS

B, RGP H Cr, Zn A1 S L. Bl 4(c)
FIE 4(d) 45T Cr184% CdS 1) EDS K, 2553
B, &REYt Cr, Cd f1 S . 7E R G, R4
T T, SRR Cr AYFEALE, SXER] Cr3+ 5
FHBA ZnS 1 CdS ftgh. 2T EDS M &t
B, Cr B InS Yk A Or SRR T H o kb
N 4.31% 1 7.25%, T Cr $84% CdS 99k A
h Cr W& &, A mh 1.84% F1 2.12%.
HERf T SEHL E Cr 824 ZnS A1 CdS By H 2= M fE
FNZRTET R AR, Xof T FO HAE A K H - FOG2E ash
(RVEAE IV E A T B S RIS, 4K AR (R (AR R
AR A2 AR SR A A S R Y. % TS Cr B4
ZnS 1 CdS AR EEH, H L2 (CET) ft
VISR Y U by AR G 16
Err = €99 = Epp = € = 3Bgem/(3B; +4ps), (D)
Hrre,,, eop Flep, SRAK R AR A B R AR 73 it
Em 7B SN KR I T AL B35 A 43 e 22 57 0
em = 2(as — ac)/(as + ac), (6)
Horbrag Rl ae 4352 Mk Cr #87% ZnS FI CdS 2F &
TR S H G B Cr#84% ZnS F1 CdS F- 3K
AR S o/ Cr #87% ZnS Ml CdS 2 K[
By .
M a(em) = ao (1 — em) T35 52 52 Wi B 22
Y s s S50 T (6) ST RAZ O DXk Hh ) 10 75
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Intensity/arb. units

Intensity/arb. units

Energy/keV

Intensity/arb. units

Intensity/arb. units

Energy/keV

4 (a), (b) CriBZ% ZnS 44K i (1) EDS [&; (c), (d) CriBZ% CAS 4K Fr i) EDS . 2% Cr IR T 1 20 L2 510 (a) 4.31%,

(b) 7.25%, (c) 1.84%, (d) 2.12%

Fig. 4. (a), (b) The EDS patterns of the Cr-doped ZnS nanosheets; (c), (d) the EDS patterns of the Cr-doped CdS nanosheets. The
atomic percentages of Cr doping are (a) 4.31%, (b) 7.25%, (c) 1.84%, (d) 2.12%, respectively.

KA VSM J7 3 %E iR T R TRl Cr & & /9 ZnS
F1 CdS gk R g RE.

3.4 WEMERESDT

RIBAR ZnS WK R M LmErE, Ik 5 Br
IR RBA CAS R fE 2 T B 55 10 Bk
PE, WK 6 P,

0.3

102

5

E o1

e

=

S 0

3

@

N

£ -01f

a

80

S —0.2p .
—0.3 1 1 1 1

—8000 —4000 0 4000 8000

Magnetic field/Oe

K5 KRB ZnS YUK R 7E S IR T 01E 1L 58 B R g 37 5
JE (M-H) ihZk
Fig. 5. M-H curves of undoped ZnS nanosheets at room

temperature.

SRIM, Cr 4824 ZnS Fl CdS 4K Fr BAT W i
WG 91 2%, X 7520 B Cr 824 ZnS Al CdS 44k
RAEZER T AR, WE 7 iR, Cr $82% ZnS
(Cr J5 T A 40 He ol 4.31% 1 7.25%) 99 K A 9 4
FIREALSRE (M) 4354 2.314 x 1073 Fl 5.683 x
103 emu/g, i 1) (H,) 5794 74.631, 114.372
Fl 64.349 Oe. Cr 574 CdS (Cr & FH N 0,
1.84% H1 2.12%) 40K R MR A @E AR B (M) 73
1k 0.854 x 103, 2.351 x 10 3 Fl 7.525 x 103
emu/g, B Wl 1 (H,) 53 % R 74.631, 114.372 i
64.349 Oe. & 8 251 Cr $87% ZnS Al CdS 4k K
B4 1 IR AL iR B (ML) AR (HL) B 1 A
% 2 /& SEM, EDS #l VSM 1144 Cr 2% ZnS Fi
CdS 4K iy Cr Fri  JBS . RE L #h: Bl
T FIRE AR

Bt Cr R3S, Cr 824 ZnS F1 CdS 44
KA PR G A5 A S . Niwayama 55 1)
YSUE T Cr #82% ZnTe GKK 111 f A% & BRI
WEASRBE Cr e 38 2 238, Haazen 5 19
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Fig. 6. M-H curves of undoped CdS nanosheets at room

temperature.
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Fig. 7. M-H curves of Cr-doped ZnS and CdS nanosheets at

room temperature.

120
100

Cr-doped ZnS and CdS

Cr = 0%, ZnS

Cr =4.31%, ZnS | Cr = 7.25%, ZnS

Cr = 0%, CdS

Cr = 1.84%, CdS

Cr = 2.12%, CdS

Ms 0

2.314

5.683

0.854

2.351

7.525

u
B Hc 0

54.721

88.441

74.631

114.372

64.349

Kl 8  CriB% ZnS FI CdS MR ARL LS BE (M) R (H,) W E 7
Fig. 8. Histogram of saturation magnetization (M) and coercivity (H,) of Cr-doped ZnS and CdS nanosheets.

% 2 SEM, EDS Hl VSM 8 Cr #5221 ZnS Hl CdS 4K A #Y Cr

Table 2.

i JEA L RO REYE BRI AL IR (5 B

Measured chromium content, morphology, size, magnetic properties, coercivity and saturation magnetization of
Cr doped ZnS and CdS nanosheets using SEM, EDS and VSM.

con tSIrl /% Morphologies Size/nm Magnetic properties  Coercivity/Oe Satura(tiI%I}S I:;ingfll ;ation/
ZnS 0 Hexagonal flake 310—390 Diamagnetism — —
4.31 flower-like sheet 210—290 Ferromagnetism 54.721 2.314
7.25 Flower-like sheet 200—250 Ferromagnetism 88.441 5.683
CdS 0 Snowflake 110—160 Weak ferromagnetism 74.631 0.854
1.84 Snowflake 100—170 strong ferromagnetism 114.372 2.351
2.12 Snowflake 100—200 Strong ferromagnetism 64.349 7.525

A Park 45 20 5418 T Cr $84% Bi,Se; Ml GaN %L
RGP AR IR, Li 45 PV 5@ o 5 — PR R TR
B2= 7nS HHB N 3.150 eV HERIMEE Sk, Cr
Bae InS BA 57&%&%‘@ X5 25 5L g 45
SEe—3, Cr B4ef /D iS5 A ZnS W%
X3P, zﬁlﬂ“ﬁ,uaz%ida Cr 3d 281 S 3p 2541
B, X WA Z ] LU= A s Al A2 b s
A Cr J&FZ ARG G &d S i Z [E iy 4y

ERRAVER. I T4 Hund'rule 30, S 3p Y
AR PR SRRER, I H 5 WA 4B Cr I 11
3AREHE, SEFA Cr T2 A AR AE Ak
WERA A . [AIBT, Madhu 45 P2 504IE T = T CdS 44
KB RIREIE R ZE IR, SPTAFERTE 100—150 Oe
(A3 11 v R ARG T O B, B/INBURL Y CdS
R B KBELTREE (4 x 10° emu/g). Zhang
L2324 BOSIE T Cr $84% CdS 44T A g P
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g IR T ARG AL R My 5 s S )
IR R, ARG AL, Cr B4 ZnS fil CdS
YK R ERREA T A DLEE R N TE A FEAE . wak
JFF PO AG SR F  R 2 o ) JRy B L Pk D AT
0 AR Z 8] B sS4 R T R A R R A1 1) ok
. Elavarthi 45 22 BF 55 F2 B, ka4 A i A B &
BN, WEA R L, YRR SR
B, Cr 42Uk B g hn ] AR SE Sl ba A2 B, TG
PRI &2, Cr #5872 WR B2 Y3 i m] LAY 5 b1k}
WEVERE. LA, USSR A ERREA T R 2N fig i 2k B i
R 4w TR, BRTTTEW TR R ke . PRy
ARITEHL, CryOy i BRIEPERE FT35 % 307 K, {H
J&, i XRD 1 EDS i, C 28k HAL T gE4x
JEAHBIAEAE . FERLIERE ) FRATA A B R S
SLEE R (P BRRETE S ZnS AT CdS fAs H Y Cr $B4%
A O ARG S HILTR FR A B T e e 45
il , e ) He W3R AR 1T LGB 3 Sharrock'-

formula 45

H, = Hy [1 - <kBT In (fot)> 5} (7)

kaV
Horp) Ho @21, foi 1010 Hz (245800
MR, ¢ =~ 100 s, VEGK AR, ks
SEBE LS W, TRAFEIREE, k25 w5 PERE
W, W (7) XA, PRARETW S He = 60—
100 Oe. 48R AT LIIE W 2] il th L B4 5
PR 2 P A LR A A R SR AP 5 K i A U
w2 Ruderman-Kittel-Kasuya-Yosida
(RKKY) BRI TS0k, ABESCR 850 1
HOE A e A B BEEFIEAT A RS M EE S
B, RKKY MHEAER AT UL A 3R 2627
sin (2Kpr) — 2KFr cos (2KFr)
1 ; (8)

(2K¥r)
Horb R [ BEREA, 2909 s ® (ng S REPEZS TV
JE (z) P2 G JR AR AE B 1 ), B oK DR e 29 ne®
(ne BB T, M F 24K (y) 5E).
T ng > ne, Weiss ‘A0 24 T B0k RKKY
FIEAEH, PRI HRAE B B n 3 KB ng. JE—2
WFE Cr 4824 ZnS Fl CdS 49K H 1Y H % 24 1k
RO TSR T MO A H A, EE
B EUNY M /A W A

12 (3n%n)** - h(3n2)"/?

J =~

Tr =

2mekp ne2/3e2p’

Hrfh=h/2n, & W v B8, me & F i,
ke B 25 2 WAL, e SR T HfT R, p SRR, ne
R TRE. @A, AT > 300 K /) Cr
$B2% ZnS 1 CdS 94K Fr it & 4 @ A4, 4] ih
Uh, A > 0.3 nm, X 5ELEEERE W, B2, i
TGRS B 2, WAAAERZ 1L, IRAE
iE— 5T .

4 %

Zr LTIk, R AR AR PGE I & R T A
[ Cr 822511 ZnS F1 CdS 40K Fr. XRD k45
REW, Cr4B4% ZnS A1 CdS 94K H 440 45
4. EDS MK, A4 /08 Cr A% ZnS F1 CdS
Mg . FEFIR T, KBS ZnS WPi#ENE:, Cr
Z ImS RERWEYE; KABAR CAS A TGN, Cr B
Z CdS Jumikmi k. Bif Cr 842 HN, ZnS
1 CAS T ARG A5 BE AT s . 4ok b Ak oot
FLRRRENE S ZnS I CdS s Cr B AH X,
Cr $82% ZnS 1 CdS 4K Fr i 8k i M o2 ] fig 2 iR
SEREREAT ).

S 30k

[1] Xiang Q J, Cheng B, Yu J G 2015 Angew. Chem. Int. Ed. 54
11350
[2] JinJ, YuJ G, Guo D P, Cui C, Ho W K 2015 Small 11 5262
[3] Zhang J, Xu Q L, Qiao S Z, Yu J G 2013 Chem. Sum. Chem.
Full. Papers 6 2009
[4] Diroll B T, Koschitzky A, Murray C B 2014 J. Phys. Chem.
Lett. 5 85
[5] Diroll B T, Murray C B 2014 American Chem. Soc. Nano
Lett. 8 6466
[6] Zhong W W, Shen S J, He M, Wang D, Wang Z P, Lin Z P,
TuW G, YuJ G 2019 Appl. Catal., B 258 117967
[7] HuY, Hao X Q, Cui Z W, Zhou J, Chu S Q, Wang Y, Zou Z
G 2020 Appl. Catal., B 260 118131
[8] Liu C H, Yu A F, Peng M Z, Song M, Liu W, Zhang Y, Zhai
J Y 2016 J. Mater. Chem. C 120 6971
[9] Purusothaman Y, Alluri N R, Chandrasekhar A, Kim S J
2017 J. Mater. Chem. C'5 415
[10) Yang D C, Qiu Y, Wang T Y, Song W B, Wang Z Z, Xu J,
Feng Q X, Zong Y, Sun X L 2016 J. Mater. Sci.-Mater.
Electron. 27 6708
[11] Junaid M, Imran M, Ikram M, Naz M, Aqeel M, Afzal H,
Maeed H, All S 2019 Appl. Nano Sci. 18 0933
[12] Murugesan R, Sivakumar S, Karthik K, Anandan P, Haris M
2019 Appl. Phys. A 125 281
[13] Kumar B, Sinha N, Ray G, Godara S, Gupta M K 2014
Mater. Res. Bull. 59 267
[14] ChengY J, Brahma S, Liu C P, Huang J L 2017 J. Alloys
Compd. 728 1248

137103-7


http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/anie.201411096
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1002/smll.201500926
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1021/jz402426f
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.117967
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1016/j.apcatb.2019.118131
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1039/C6TC04592H
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s10854-016-4619-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1007/s00339-019-2577-x
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.materresbull.2014.07.032
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://doi.org/10.1016/j.jallcom.2017.08.278
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 13 (2021)

137103

Sinha N, Goel S, Joseph A J, Yadav H, Batra K, Gupta M K,
Kumar B 2018 Ceram. Int. 44 8582

Shim Y, Mills M E, Borovikov V, Amar J G 2009 Phys. Rev.
E 51604

Elango M, Gopalakrishnan K, Vairam S, Thamilselvan M
2012 J. Alloys Compd. 538 48

Niwayama Y, Kura H, Sato T, Takahashi M, Ogawa T 2008
Phys. Rev. Lett. 92 202502

Haazen P P, Laloe J B, Nummy T J, Swagten J M, Herrero P
J, Heiman D, Moodera J S 2012 Appl. Phys. Lett. 100 082404
Park S O, Lee H J, Cho Y C, Jeong S Y 2002 Appl. Phys.
Lett. 80 22

Li Y F, Zhou Z, Jin P, Chen Y S, Zhang S B, Chen Z F 2010
J. Phys. Chem. C 114 12099

[22]
23]
[24]
[25]

[26]

27]

137103-8

Madhu C, Sundaresan A, Rao C N R 2008 Phys. Rev. B T7
201306

Zhang Z F, Li J, Jian J K, Wu R, Sun Y F, Wang S F, Ren
Y S, LiJ J2013 J. Cryst. Growth 372 39

Zhang Z F, Han L, Xie G Y, Liao Q L, Zhong B, Yu Y 2016
J. Mater. Sci.- Mater. Electron. 27 12490

Elavarthi P, Kumar A A, Murali G, Reddy D A, Gunasekhar
K R 2016 J. Alloys Compd. 656 510

Zhang S X, Ogale S B, Kundaliya D C, Fu L F, Browning N
D, Dhar S, Ramadan W, Higgins J S, Greene R L, Venkatesan
T 2006 Appl. Phys. Lett. 89 012501

Ozaki N, Nishizawa N, Marcet S, Kuroda S, Eryu O, Takita
K 2006 Phys. Rev. Lett. 97 037201


http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.ceramint.2018.02.066
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1016/j.jallcom.2012.05.127
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.3688043
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1063/1.1428776
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1103/PhysRevB.77.201306
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1016/j.jcrysgro.2013.02.021
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1007/s10854-016-5634-7
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1016/j.jallcom.2015.09.244
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1063/1.2219145
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://doi.org/10.1103/PhysRevLett.97.037201
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 137103

Preparation and magnetic properties of chromium doped
zinc sulfide and cadmium sulfide nanostructures
by solvothermal method”

Zhang Zhu-Feng!  Ren Yin-Shuan 2t

1) (College of Mobile Telecommunications, Chonggqing University of Posts and Telecom, Chongging 401520, China)

2) (School of Physics and Electronics, Qian Nan Normal College for Nationalities, Duyun 558000, China)

( Received 20 November 2020; revised manuscript received 10 February 2021 )

Abstract

With the continuous development of nanotechnology, people have higher and higher requirements for the
performances of nanomaterials. In the past few decades, researchers have used various methods to prepare
nanomaterials with different dopants, and studied their optical and electrical properties. Nanomaterials with
ferromagnetic properties have a wide range of applications, and there have been many reports about the
ferromagnetic properties of doped magnetic elements. However, there have been few reports about Cr-doped
ZnS and CdS. In order to obtain Cr-doped ZnS and CdS nanosheets with room temperature ferromagnetism, in
this paper, using ethanolamine (EA) and ethylenediamine (EN) as mixed solvents, ZnS and CdS semiconductor
nanostructures doped with different amounts of chromium are successfully prepared in S, ZnO and CdO sources
by simple solvent thermal method. The X-ray diffraction (XRD) measurements show that the ZnS and CdS
nanostructure have a wurtzite structure. Scanning electron microscopy (SEM) images show the morphologies of
ZnS and CdS with different chromium content. When the content of Cr is 4.31 at% or 7.25 at%, the thickness
of Cr-doped ZnS nanosheets is about 210-290 nm, and the morphology of undoped ZnS is composed of sub-
morphologies of relatively thick nanosheets. The morphologies of CdS doped with different amounts of Cr are
composed of sub-morphologies of snowflake like nanosheets with thickness of about 120 -190 nm. Energy
dispersive spectrometer (EDS) is used to observe the product composed of Cr, Zn, Cd, and S. The EDS
measurement and calculation of the Cr content in Cr-doped ZnS nanosheets are 4.31 at% and 7.25 at%
respectively, and those of the Cr content in Cr-doped CdS nanosheets are 1.84 at% and 2.12 at%. The vibration
sample magnetometer(VSM) measurements show that ZnS doped with chromium exhibits ferromagnetism at
room temperature, while the undoped ZnS exhibits diamagnetism at room temperature. The values of
saturation magnetization M, of Cr-doped ZnS nanosheets with Cr = 4.31 at% and 7.25 at% are 2.314 and 5.683
(103 emu/g), and the coercivity values of H, are 54.721 and 88.441 Oe, respectively. The ferromagnetism of
pure CdS is weak, while that of Cr-doped CdS is enhanced at room temperature. The saturation magneti-
zation M, values of Cr-doped CdS nanosheets with Cr = 0, 1.84 at% and 2.12 at% are 0.854, 2.351 and 7.525
(103 emu/g), respectively, and the coercivity values of H, are 74.631, 114.372 and 64.349 Oe, respectively. The
values of saturation magnetization of ZnS and CdS increases with the Cr doping increasing. The ferromagnetism
of Cr-doped ZnS at room temperature is confirmed by the experimental result, which is consistent with the
ferromagnetism of Cr-doped ZnS calculated by the first principle. The origin of ferromagnetism of Cr-doped
CdS is related to the doping of Cr in CdS lattice.
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