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Effect of Co-Solvent Percentages on the Exfoliation Rate of NiTe,
Thin Film for Transparent Electrodes
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Abstract: We attempted to maximize the transmittance of 2D NiTe,; thin film using the liquid-phase
exfoliation (LPE) process to confirm the applicability of NiTe, as a transparent electrode. The LPE process,
using a co-solvent of organic solvent and water, is a stable and efficient method of increasing transmittance
at low cost. In this report, the effect of 12 different co-solvents, mixtures of acetone, ethanol, isopropyl alcohol,
and water, on exfoliation rate was studied. NiTe, thin film with a thickness of 6.3 nm prepared by sputtering,
and exhibited a highest transmittance of 68% and a lowest resistivity of 291 pQ cm after 12 hrs sonication
in ethanol/water co-solvent (ethanol : water = 60 : 40 vol. %). Three physical properties, polarization and
dispersion ratio (p/d ratio), boiling point, and water contents, were compared to determine which property was
the main control factor for the LPE process. Unlike previous LPE processes for powders of 2D materials, it
was revealed that the improvement in the transmittance of the NiTe; thin film was more strongly dependent
on both of vol.% of water and boiling point of the solvents. This was because the transmittance improved after
removing the NiTe, thin film from the substrate, rather than layer by layer exfoliation. We believe that NiTe,
thin film prepared by sputtering followed by exfoliation process can be one of the potential candidates for
transparent electrode.
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Fig. 1. Te/Ni ratios were measured in XPS as a function of etching depth of NiTe, thin films that are deposited at various sputtering watt of

(a) 50 W, (b) 60 W, (c) 70 W, and (d) 90 W.
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Table 1. Resistivity and transmittance of the NiTe, thin films
depending on substrate temperature and sputtering watt.

Conditions Thickness Resistivity ~ Transmittance
(nm) (n€-cm) (%)

60 WR.T 36.6+2.52 1114 451

60W200°C  36.7+2.12 36.3 448

90 WR.T 36.7+2.99 1152 4.46

0OW200°C 363+245 422 4.83
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Fig. 2. Resistivity and transmittance of the NiTe, thin films fabricated at (a) 60 W and (b) 90 W as a function of thickness. SEM images
show top views of NiTe, thin films deposited at 60 W (c,d,e) and at 90 W (f,g,h) whose thickness are (c) 8.8 nm, (d) 7.2 nm, (e) 6.6 nm (f)
10.6 nm, (g) 7.6 nm, and (h) 6.1 nm. The scale bar in (h) is same for all SEM images.
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Fig. 3. Transmittance and resistivity of the NiTe, thin films exfoliated by LPE for 12 hrs in various co-solvent (a) ethanol/water, (b)
acetone/water, (c) IPA/water. (d) Transmittance/resistivity ratios (T/R ratio) are calculated from the data in (a,b,c) and summarized. To
calculate the T/R ratios, the values of transmittance and resistivity were divided by the corresponding values of the samples before

exfoliation for the normalization.
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Fig. 4. SEM image of NiTe, thin film After 12 hrs sonication exfoliation (a) Acetone 6 : 4 (Acetone : Water vol.%), (b) Ethanol 6 : 4

(Ethanol :

Water vol.%), (c) IPA/Water 6 : 4 (IPA : Water vol.%), and (d) visual comparison of transmittance of NiTe, thin films before

(left) and after sonication (right). The scale bar in (¢) is same for (a), (b), and (c).
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Fig. 5. (a) Linear fitting of data points achieved from the equation 4 with various solvents to obtain the p/d ratio of NiTe,, (b) summary of
contact angles of NiTe, thin film with 12 co-solvents, and the images for contact angle measured using IPA/water (vol.%) of (c) 5/5, (d) 6/
4, (e) 7/3, (f) 9/1, ethanol/water of (g) 5/5, (h) 6/4, (i) 7/3, (j) 9/1, acetone/water of (k) 5/5, (1) 6/4, (m) 7/3, and (n) 9/1 ratio.
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Table 3. (57 and p/d ratio of co-solvents were calculated from G;{ and o} values from ref. [31,36]. Gj and o’

obtained from Fig. 4(a).

o

%
I

==
i=]

<A 588 A A|59H A75 (2021'F 7Y)

and p/d ratio of NiTe, were

Co-solvent o o 5, p/d ratio of o o p/d rgtio of
Solvent Water (vol.%) co-solvent s s NiTe,
50 16.96 8.17 25.13 0.432
IPA 40 16.56 7.87 24.43 0.475
30 16.14 7.64 23.78 0.473
0 19.50 3.50 23.00 0.179
50 22.26 10.90 33.16 0.490 4.06 1.74 0.43
40 20.70 9.92 30.62 0.480
Acetone
30 19.71 9.09 28.80 0.461
0 16.50 6.8 23.30 0.412
Ethanol 0 19.30 4.40 23.70 0.228
p/d ratio®} NiTe, B2} vlg] @& 73l Adolste] Ades Aol o Wo] AT Zo|t}. o] glass 7] NiTe,
& ATt layer7be] ¥ & FIIAA w2 FH=E @AIAT
current path®] THEE QIgk A3 A F7kgk Aolgt AL
322 =X vl EH [37,38]. ©ol= ol A+ T IPA, acetone®] LPE
AA) vt 22wk vhg] A% A3 p/d ratio?] FFETE  FHAAM BeHol| wE vl rateS H| w3 =EoME
= =9 H&ol| F7HFE dEgo] FUHItE AE & acetoneo] ES HHEES YEle A fARE AH3E
o1& tHZE 3). Powder FE] 2D 29 LPE 34 ¥  HoIt} [39]. ©]A°] acetone 80| ethanol &4}

g E&2 p/d ratio @l &1FF o|AAINE He e
NiTe,2] 2] 882 1¥32 @& o]f+= powder 2D &
AL v Jejo] EFET B9 R FHZo] A7] o

o o Y& FHOA cavitation ¥ intercalation®] X3y
o] 7Fsal7] WEl Aow AlgEtt wEkA powder ¥

2= p/d ratiool] TS o]EZQ] AOE ALFEC) spA|vt
vlgtoll M= 3 33 29 394 H5o] p/d ratio gk vt
&0 AHHAE St & o] SIS veEs

FARE B3 =8 Yehfols =2 HX3S Yeplls ol
2 wojxtt. el A Fahuch vy goz el g
€ YF°] normalized¥ T/R (Transmittance/Resistivity)
ratio 2t (Z¥ 3(d)) F°| ethanol/water’} =2 H]-&2 7}

A3 Yok A2 Fgeld 4 Sl =, w7k Y=
] ethanol/water co-solvent’} H]Adlo] F7lsle Se

Z7h &7k o Eobd

& % gk,

AT geld o

o] Z7let AL

AT

s

acetone, ethanol, IPART} Atjdo= =+
ERxlEo] vl 7|9 7F Ao ® HESK] layer7|
s FX% Aoz dFdn. Av]e dal
acetone (56 °C), ethanol (78 °C), IPA (83 °C)<]

e s Ay WY
E’Est“%(—j

@7} 56°C, 78°C, 83 °C) #}o|7} layer-7]%+ 7+ vle] &
o] zpolE WMAYAAS ZAoR HOITh Acetoned] WS
F=75(56°C) wfEol ethanol (78°C) alc IPA (83 °C)

o] 285w A

)=}
ypah Ho

oA 715kl <% 712 9

B Ao A= 2D NiTe,

4.4

rhu

slote] #2je] FPAF A

nes =
g T2 5 E8vlS o83 vl 34 A8k
o} o] vtz gAle ethanolzt DI WaterS F-3]H]
6:4 HER o3t &o|n}. Bieo g2 Ry HElE Fi
FHAF Az doJHE= co-solvent] p/d ratioX.Th

Table 2. Difference in crystallographic orientation of the NiTe, thin films was analyzed by calculating area ratio of XRD peaks {(001)/
{(001)+(112)}. Grain sizes of NiTe, thin films were calculated by using the Scherrer equation.

Sample 16.61 °(001) 59.67°(112) (001) Area ratio
60 W 200 °C Grain size 10.00 7.70 0.705
Area 97.98 41.00 '
Grain si 9.27 12.10
90 W 200 °C ran size 0.730
Area 38.41 14.23




water®] 7-3]H] o}

Fedd U% AFHYS Fas,

R |
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HE3I layer-7|# 7+ 81
o7 Atg=r) T3 solvente] 2= 0|
w2 71 AR ARG wE|rt HgEo] A7IHdEETt
FEEF dolrl 7oz ALFETE [PA > ethanol > acetone
To 2 Bego] wkon Feo] B2 £oE vlee
SOIT). IPA/water E3-81 739 Blg]&o] w9 H3ke

acetone/water <3122] 7d-%- acetone?| JUjF o T o
o= QI8 =31 vkg] A] ethanol TiH] o B2 7]

A

UERSIT. o] o} 72 i
Zevh B2 vl 7] wol AREE Aed f718
ek S ARSEle] FstnE v vgS FAsle] &
Aoz 2D FHHFe Uolet
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