Journal of the Korean Electrochemical Society
Vol. 18, No. 1, 2015, 31-37 pISSN 1229-1935
http://dx.doi.org/10.5229/JKES.2015.18.1.31 eISSN 2288-9000

A5 2E olx AXE $13 33 4
AulE (Sn,Ge,.S) Y=dA} AT

223! . 719982 . QFopP* . QA R3*
1S At 8o A oF- 8t
25 st 2oy R| 2k ek,
T ICT A Y

(20159 2€ 9 < : 2015 2 10 49 : 2015 2€ 11 A1)

Tin Germanium Sulfide Nanoparticles for Enhanced
Performance Lithium Secondary Batteries

E. H. Cha!, Y. W. Kim? S. A. Lim?*, and J.W. Lim>*

'Dept. of Pharmacy, Hoseo Univ, Asan Chungnam 336-795, Korea
’Graduated School of Green energy engineering, Hoseo Univ. Asan Chungnam 336-795, Korea
SPOSCO ICT, Strategic planning, Sungnam, KyungKiDo 463-775, Korea

(Received February 9, 2015 : Revised February 10, 2015 : Accepted February 11, 2015)

x =
=

K

AR ZIAVGE FFEY F3F FA4 AvkE (Sn,Gey,S) FF Ux=dAE WE T4
(Sn(CHy),, tetramethyl tin, TMT) W@ A "} (Ge(CHs)y, tetramethyl germanium, TMG),
G3}4 (H,S, hydrogen sulfide) &3 7129 #lolx] F&3l ¥HEHoR FAT &+ glon,
olwj Wk~ <] 7k ERHH|Eol| whE) v Rte] A Aulre] 2AHIE - £ AN
th Z¥E 7PNl ezl BF 244S 2 9E £ s, BlF ol MR &
FAEAZA 53 548 BTt 240 ulgt 548 AN, FelAnkge 70 ALl
F A 1200 mAh/ge] 7 =& LS 7he A, 4 AR o] F45 =2 3
Ag &F 427} o & FS AU o9} 2 53 T80 e FF e
AMEL gF RS IS A HE 2] J&3}o] 7o Aoz dag

lo

Abstract : Composition-controlled ternary components chalcogenides germanium tin sulfide
(Sn,Ge,_,S) nanoparticles were synthesized by a novel gas-phase laser photolysis reaction of
tetramethyl germanium, tetramethyl tin, and hydrogen sulfide mixture. Subsequent thermal
annealing of as-grown amorphous nanoparticles produced the crystalline orthorhombic phase
nanoparticles. All these composition-tuned nanoparticles showed excellent cycling perfor-
mance of the lithium ion battery. The germanium sulfide nanoparticles exhibit a maximum
capacity of 1200 mAh/g after 70 cycles. As the tin composition (x) increases, the capacity
maintains better at the higher discharge/charge rate. This novel synthesis method of tin ger-
manium sulfide nanoparticles is expected to contribute to expand their applications in high-
performance energy conversion systems.
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Sn(CH3)4 (tetramethyl tin, TMT), Ge(CHj),
(tetramethyl germanium, 98%, Sigma-Aldrich), H,S
(hydrogen sulfide, 99.9%, RIGAS) & AR&}3itt.
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Table 1. Pressure of precursors in the closed reactor for
the synthesis of Sn,Ge;..S NCs

Pressure (Torr)

No.  x(Sn)

Ge(CHy);  Sn(CHy), H.S
1 0 20 0 40
2 005 39 1 60
3 0.1 38 2 60
4 0.4 30 10 60
5 0.6 20 20 60
6 0.8 10 30 60
7 0.9 4 36 60
8 1 0 20 40
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Fig. 1. XRD pattern of Sn,Ge,.,S (x =0, 0.05, 0.1, 0.4, 0.6,
0.8, 0.9, and 1). The (111) peak region, corresponding to
260=26-36", has been magnified to show the shift of the
lattice constants upon varying the composition of the alloy.
The peaks of GeS and SnS were indexed to the
orthorhombic phase with a Pbmn space group; GeS
(JCPDS No. 85-1114, a=4.290 A, h=10.42 A, c =3.640 A)
and SnS (JCPDS No. 39-0354; a=4.329 A, h=11.19 A,
c=3.983 A).
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Fig. 2. (a) HRTEM image revealing the spherical shape of SngsGey4S NCs. The average diameter is 10 nm. (b) Lattice-
resolved and FFT images (at the zone axis of [110]) of selected orthorhombic phase NC shows dy;o= 4.0 A. (c) EDX line-
scan profile showing the homogeneous distribution of the elements Sn, Ge, and S over the cross section of selected
SngsGey4S NC, in a ratio of 25:20:55. Inset corresponds to the STEM image of the NC.
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Fig. 3. Discharge-charge voltage profiles of coin-type half-cells using Sn,Ge,,S NCs, where (a) x=0, (b) x=0.4, (c)
x=0.8,and (d)x=1, for 1, 2, 5, 10, 30, and 70 cycles tested between 0.01 and 1.5 V at a rate of 0.1C.

+2Li"+2¢" > SnGey, + LibS)°] He 7Zhez A9
4 eH, cyclic voltammetry (CV) 347}
A Fthe AL BHolsgith 230 2] Z=upAA] H)7}
§F (70%) 2 19} 22 |7t Wkl 23 of
Aoy 3 ¢ drh. ZE Ux9ais wd A
02V vl Hepzie] EAjstd oze
SnxGelx-i-yLl_) Llysl’leelx ‘6‘——& Llo] SnxGelx
o] ArlEl= E7tel sgsic).

Wielzbe] 7] WEAA] H]7}edE wkg-E7io] A
UE}E e Yooyt gapdos L1287]' Kkl

N 19 mz rusL‘

the Aoz A 4 9o, o]zt Li,SE Li'|
2 ArA mEZAE SnGe,©l Lit o] -t
EJT‘:— WSS U folshl =922 SnGey.,
PA7F WAl Fr B2 49| Lit ol23} Rkt
0% L-SnxGel.x =37t @ = d9lem, T
HE 7198 Hebrgbo]l A Yehe Ag I
Atk 3 Li,SHMEZAE Sn,Ge,©l Lit ol
@%—%@% HE Fgolr FuHge Eo57] Ui
o HA9] AL Z7F AIE & AT AR E
Fig. 4(ay= x=0, 0.05, 0.1, 04, 0.6, 0.8, 0.9, 1

th

).



A71583)%), A 1849, A 13, 2015 35

9] Sn,Ge;,S NCs9 0.1C9 Cate &.& 70 Alo|Z
T Al A S92 HAFa ot HolHe
Table 2 ol AEFAH. EE Y=Yx= vig A
> &5 3

°
ZFo x=0,

QWA S 23, 2] AelE F %
84S e 5 Alol2 e

o
L
<
E
> , \
£ ] ' ! :
g 5004 —a——0—X=0 —o——=—x=0.05
% | x=01 —=—0—x=0.4
O 250 x=0.6 ————x=0.8
1 —s——0—X=0.9 —s——0—x=1
4+
1500 |
1250+
o
L
< 1000+
g 4
- 750
x=
g 500 |
Q.
©
O 250+
0 T T " . . .
0 10 20 30 40 50 60 70

Cycle Number

Fig. 4. (a) Discharge-charge capacity versus cycle number
for half-cells using Sn,Ge,_,S (x =0, 0.05, 0.1, 0.4, 0.6, 0.8,
0.9, and 1) NCs cycled with a rate of 0.1 C. (b) Cycling
performance as the C rate is increased from 0.1C to 5.0C.
The discharge and charge capacities are marked by the
filled squares and hollow circles, respectively.
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Table 2. Summary of half-cell capacities (mAh/g) using Sn,Ge,_S NCs during cycles at a rate of 0.1C

Theoretical First cycle 70" cycle
No. x(Sn) . - -
capacity discharge charge n(%)“ discharge 17(%) for 5-70 cycles
1 0 1126 1680 1273 76 1219 97.8
2 0.05 1109 1668 1246 75 1194 97.6
3 0.1 1092 1695 1204 71 1122 98.3
4 0.4 988 1556 1100 71 1087 94.1
5 0.6 920 1415 68 929 97.7
6 0.8 851 1358 67 894 97.0
7 0.9 816 1287 65 880 98.0
8 1 782 1264 68 816 96.2

“1 = Coulomb efficiency.
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Table 3. Summary of the capacity of half cells using the Sn,Ge;..S NCs. The value in the parenthesis corresponds to the

% of the theoretical capacity

Discharge Capacity (mAh/g)

No. x(Sn) 0.1C 0.5C 1C 2C 5C 0.1C
(5" cycle) (25" cycle) (35" cycle) (45" cycle) (55" cycle) (65" cycle)

1 0 1298 1210 1143 (88 %) 1056 (81 %) 898 (69 %) 1260 (99 %)

2 0.05 1200 1128 (94%) 1080 (90 %) 984 (82 %) 840 (70 %) 1180 (98 %)

3 0.1 1179 1125 (95 %) 1058 (90 %) 982 (83 %) 814 (69 %) 1145 (97 %)

4 04 1095 1057 (97 %) 1020 (93 %) 960 (87 %) 790 (72 %) 1073 (98 %)

5 0.6 1038 1013 (98 %) 986 (95 %) 939 (91 %) 828 (80 %) 1013 (98 %)

6 08 984 950 (97 %) 950 (97 %) 945 (96 %) 839 (86 %) 972 (99 %)

7 0.9 931 901 (97 %) 903 (97 %) 880 (95 %) 810 (87 %) 910 (98 %)

8 1 928 870 (94 %) 860 (93 %) 820 (88 %) 302 (86 %) 874 (94 %)
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