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. �

LiNi 1-xCoxO2(x = 0.0, 0.3, 0.5, 0.7, 1.0)j ��Ö»j �Ï~� �W~�, Co ~~ïö V� Ö;��f ÒÒ �N*
æ ·�ßWj �Ò~&
. X-F ².ªC Ö"�¦V Co ~~ïö Z&~² Î� �WöB �¢ç~ �ÏÚ¢ ;W�
j r > ®î
. 6� Rietveld ��;Öj Û~� �ÏÚ~ Ö;��& Co ~~ïö V¢ �² æz�j {�~&

. ¯, Co ~~ï� 'f ãÖº (x = 0~0.5)º Ï¶ç>~ j& ·f(c/a�4.98) «O��ö &r�b�, Co ~~ï
� � ãÖ(x�0.7)º Ï¶ç>~ j& �(c/aà4.98) [ç��¢ �&
. �f ?f N�º electrochemical voltage
spectroscopy¢ Û~� {�� > ®îº�, �ÏÚ¢ ;W~� ®º Co Wªf Co ~~ï� 'j ãÖº 3.7 V (vs.
Li/Li +), �Ò� ~~ï� � ãÖº 3.92 V(vs. Li/Li +)öB Ï*>º *çj �&
.

Abstact: LiNi 1-xCoxO2 (x = 0.0~1.0) powders were synthesized by citrate method, and their crystal structures and
electrochemical performance as the cathode material in Li secondary batteries were analyzed. X-ray diffraction analysis
revealed that all the samples carry a single phase regardless of the Co substitution. The results of Rietveld refinement
suggested that the crystal structure of solid solutions varies according to the Co substitution. When the Co substitution
is low (x = 0.3~0.5), the solid solutions carry a cubic-like structure with a relatively small value in the ratio of lattice
parameters (c/a). The solid solutions made with a higher Co substitution (x = 0.7), however, exhibit a layered structure
with a higher c/a ratio. This difference was also observed in the electrochemical voltage spectroscopy (EVS) profiles,
whereby the Co component in scarcely substituted materials shows a charging reaction at 3.7 V (vs. Li/Li +), but in
the heavily substituted ones at 3.92 V.

Key words : Li secondary batteries, LiNi1-xCoxO2, Rietveld refinement, Solid solutions, Electrochemical voltage spectroscopy

1. B  �

LiCoO2¢ ·�Òò� ÒÏ� ÒÒ �N*æ& çÏzB �ê
LiCoO2~ WËBFö &� ��& �B~² ê¯>Ú z�1,2),
&Úbî� LiCoO2f ?f ��¢ &æ�B &Z� LiNiO2ö

&� ��ê ê¯>Ú z
3-5). LiCoO2ö &� ��º *�Ú,
�WNê, �W �~ ��j æz�B Ïï" ÏO* WËj Ë
ç�Ê�¶ ~º ��ö ÷7>î
. LiCoO2º �WNêö V
¢B v &æ ��& rJ^ ®
. LT(low-temperature)-

LiCoO2f HT (high-temperature)-LiCoO2& �©b�, LT-
LiCoO2º ÊbR;~ «O ��¢ &æ¾6-8) HT-LiCoO2º G
O��([ç��)¢ &æ� ®
. LT-LiCoO2º 6% ;ê~ Co
�N� Li ¶Òö �Ò~� Ö²�N� �ç'� «O &÷�
� (cubic close-packed oxygen array)¢ ;W~� ®
. �r
�ç'� Ï¶ç>~ j(c/a)º 4.90~ 8j &ê
. LT-
LiCoO2º HT-LiCoO2f *& 
� ·�ßWj ��
. HT-
LiCoO2º 3.9~4.2 V (vs. Li/Li +) º*öB Ï*>�9), c/a 8
ê ÒÒ·ö V¢ 4.99~5.12 Ò�öB æ~æò, LT-LiCoO2~

ãÖº 3.5~3.7 V~ º*öB ÒÒ~ ã«/îÒ >w� ¢Ú¾
�6,8), c/a 8f ÏO* ;êö ç&ì� 4.90j Fæ�
.
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LiNiO2º &Ï� &Z~� O*Ïï� 
B &Úbî� ôf
��& >Úzæò ­ &æ ^B6� ®
. ¢>'b� LiMO2

(M = Ni, Co, Cr, V)& [ç��¢ <V *�Bº M �N~ �
V& 7º��, Co�N�
 ç&'b� � Ni�Nf Li�N"
�V& jÝ�B [ç��¢ ;W~V ¾

. 6�, �W � �
NöB Ni2+& Ni3+�
 n;~� B>� LiNiO2& �W>æ p
� Li ¶Òö Ni� ¢¦ 
Ú* [Li 1-zNiz]3b[Ni] 3a[O2]6c (3a, 3b,
3cº R3m ��öB Wyckoff position)� Ö���¢ &æº b
î� �WB
. 6� ¸f **(4.2 V �ç)ræ Ï*� ãÖ ç
æ�ö ~� Ò�� ßW� ÎÚæ� .V ÎNê 80% ;ê�
·f ^B& ®
. ��� ^Bº Ni &�ö ²ï~ Co¢ Î&
�b�B Ú¶ ;ê �Ö>� ®
10-14). 6� 
� .³(Mn, Fe,
Ti, Mg)j ~~� ãÖöê FÒ� Î"& ¾æ¾� ®
15-17).
� ��öBº ��Ö»j �Ï~� LiNi 1-xCoxO2(x = 0.0~

1.0)¢ �W~�, Co ~~ïö V� Ö;��~ æzf *Vz
�' WËj jv~&
. �� ªCj *~� X-F ². 
þ
Ö"ö &� Rietveld �� ;Ö»j �Ï~&b�, electro-
chemical voltage spectroscopy (EVS) 
þ" ÏO* 
þj
>¯~� Ö;��f ÒÒ �N~ >w ** 5 Ö;��~ æ
zö V� ÏO* ßWj �Ò~&
. 

2. 
  þ

2.1. �W 5 �� ªC
LiNi 1-xCoxO2 (x = 0.0, 0.3, 0.5, 0.7, 1.0)ªöf ��Ö»j
�Ï~� �W~&
. LiNO3 (Aldrich, 99.99%) Ni(NO3)2Á

6H2O (Aldrich, 99%), Co(NO3)2 (Aldrich, 99%)¢ Ã~>ö
���, citric acid (Aldrich, 99.5%)¢ .³�N Ö>~ 120%
Ö j� IÚ b�~� j*® �� 
r, rotary evaporatorö
B bj B�~� solj ò
� ê���V (70oC)öB ��~
� gelj ò
î
. �-² B�� j;î *�Ú¢ ªê� ê
700oCöB 10�* ÿn v ® �¾Ò~� LiNi 1-xCoxO2 ªöj
�W~&
. �, LiCoO2~ ãÖº �¾Ò Nê¢ 800æ� ~&

.
�WB LiNi 1-xCoxO2 ªö~ Ö;��¢ {�~V *~�

RigakuÒ~ CuKα(λ = 1.5418ç)j æÅb� ÒÏ~º x-F²
.V¢ ÒÏ~&
. ��;Öj *~� Rietveld »18)j ÒÏ~
&b�, ��¦V �W� Òò~ Ï¶ç>¢ êÖ~&
.
Rietveld ��;Öj *~� x-F ². ��Vº 0.02o/2θ *Ï
b� step scan ~&b�, ' step� 5.*~ Fæ�*j "î

. Rietveld ��;Ö ";öB oxygen occupancyº 1� �;
~� V&6b� â~
. Co& ~~>æ pf LiNiO2~ ãÖ,
Ni� Li ¶Òö 
Ú&æ pf Î�ö &� ��;Öj >¯~
�, Liö &� Nê�¶ 8� r(-)~ 8j &æ² >�, �º
Li ¶Òö ��;Öö ÒÏ� Î��
 z ôf *¶& �Ò~
º ©j ~��
19). V¢B, Ni� Li *~¢ Næ~º disor-
deringj &;~�, C .³�N >¢ ¢;~² �;~� ��
;Öj >¯� Ö", Li0.95Ni1.05O2~ �W�j &æ� jv'
��;Ö� ¾ >î
. Co& ~~B ãÖö &�Bº B>
LiNiO2f ?f disordering� ¢Ú¾æ pº
� &;~�20) Ò
Ò" *�.³(Ni, Co)·j 1� �;~� ��;Öb� >¯~
&
. ��;Öö ÒÏ� *��Îf DBWS-9006PC�î
.

2.2. *Vz� ßW
LiNi 1-xCoxO2 (x = 0.0~1.0)¢ ·� �bî� ÒÏ~� ��*

�j B�~&
. �bî, ê*Ò, Ö�Ò(PTFE) (Z²j 77:18:
5)¢ ;ï� ê, 2-propanolj ªÖ
� ÒÏ~� ¾ Df ê
paste¢ ò
�, �©j ÷*Ú� stainless steel Exmetö {O
~� 120oC ê���VöB 12�* �ç ��~&
. 
çV *�j ·ÿ*�b� ~� r�" V&*�b� ÒÒ

foilj ÒÏ� j�
 ;�~ 3�fj �W~� *Vz� WË
j �Ò~&
. ÒÏ� *�îf 1.0 M LiClO4/EC, DEC (¦b
j 1:1) �î
. ÏO* 
þf ¶Ú B·� ÏO*V¢ �Ï~
� 3.0~4.3 V (vs. Li/Li +) º*öB 1 mA cm-2(C/4 rate)~ *
~ &ê� >¯~&
. DOC(depth of charge)ö V� ��æz
¢ G;~V *~�, 0.1 mAcm-2 (C/40)~ ;*~� Ï*~&
.
¢;�* Ï*j � ê *~¢ p� 12�* �ç O~~� Ï
ª® ï;ç�ö ê�~ê� � Ê, XRD ªCj >¯~&
.
XRD G;�öº 2θ 8 �;j *~� internal standard� 

Ò~ ªö¢ IÚ"î
. EVS 
þöB Ilim8f 1.3 mAg-1 �

�;~&�, voltage stepf 10 mV� ~&
.

3. Ö" 5 �V

3.1. ��ªC
Fig. 1ö �W� LiNi 1-xCoxO2 (x = 0.0~1.0) ªöö &�

XRD NZj ¾æÚî
. Î� �Wjö &�B ®Bb� �Ò
~æ p� �¢çj ;W~º ©j {�� > ®
. Î� �ò
ö &� R ie tve ld  ��;Öj >¯~&b�,  � .�
LiNi 0.5Co0.5O2ö &� 
þ8, êÖ8, Bragg position, 
þ8"
êÖ8~ N�¢ Fig. 2ö B�~&
. � 1öº Rietveld ��
;Öb�¦V �� Ï¶ç>(a, c)f c/a 8, Ï¶ Ú Ö² *~
(Zox) �j ¾�~&
. Fig. 2öB 
þ8" êÖ8~ N�& �

Fig. 1. X-ray diffraction (XRD) patterns of LiNi 1-xCoxO2 (x = 0.0,
0.3, 0.5, 0.7, and 1.0). Note that all the samples show a single phase
without discernible impurity phases. 
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~ ìº ©b� �j ÒÏ� Î�� 
B ��f ¾ �º
�
6�B
. 

Fig. 3öº Co ~~ïö V� Ï¶ç>(a, c)f c/a 8~ æ
z¢ B�~&
. Ï¶ ç> af c8~ æz¢ �� Co ~~ï
� Ã&�>� Îv 6²~º ©j " > ®
. �º Co3+ �
N� Ni3+ �N�
 ·V r^b� 6�B
. v B~ Ö;�
�¢ç~ �ÏÚ¢ ;W� r Ï¶ ç>º �Wö V¢ F;'
b� æ�
. Fig. 3(a)¢ �� Ï¶ç> af c8� Co ~~ï
ö V¢ F;'b� æ~º Vegard's rule21)j V�� ®rj
" > ®
. �º Ni" Co& Ï¶ Úö �¢~² ª�~� ®
b� LiCoO2f LiNiO2& �ÏÚ(solid solution)¢ ;W~� ®
rj ��"º Ö"�
. 

LiNiO2º Ni3+�
 Ni2+& n;~� j·�' z�b� Li1-z

Ni1+zO2¢ ;W~² >º�, z 8� Ã&�>� GO [ç��
�¦V «O��� *�B
. «O��¢ &î ãÖ ��'b�
êÖ� c/a 8f 4.90�
. Fig. 3(b)¢ �� Co ~~ï� 'j
ãÖº c/a 8� 4.90 "¾� «O��ö &rÚ >�, ~~ï
� Ã&�>� c/a 8� 4.90b�¦V �² ½Ú¾ [ç��ö
&ròöj " > ®
. 

3.2. ÏO* ßW
� 1ö ¾�� Co ~~ïö V� .V O*Ïïj jv�
��, Co ~~ï� Ã&�>� .V O*Ïï� 6²�
. �º
LiCoO2& LiNiO2�
 ?f *{ º*öB ·� bî� ÒÏ�
ãÖ 
B B* Ïï� 'V r^b� 6�B
. Fig. 4öº
LiNi 1-xCoxO2¢ ·� �bî� ÒÏ� >*æöB ÏO* 
þ

Fig. 2. The result of Rietveld refinement made for LiNi0.5Co0.5O2.
The observed and calculated XRD patterns, Bragg position and
difference profile are represented. Note that the refinement was
made with a high accuracy.

Table 1. Crystallographic parameters of LiNi1-xCoxO2 (x = 0.0~1.0) that were obtained from Rietveld refinement of x-ray diffraction data and
initial discharge capacity in Li/LiNi 1-xCoxO2 cells. 

x in LiNi 1-xCoxO2 a (ç) c (ç) c/a ratio Zox
b Rwp

c Initial discharge 
capacity (mAhÁg-1)

0.0a 2.876 14.185 4.93 2.099 5.85 148

0.3 2.855 14.136 4.95 2.094 4.34 145

0.5 2.841 14.102 4.96 2.123 4.29 140

0.7 2.828 14.081 4.98 2.103 4.09 135

1.0 2.814 14.048 4.99 2.268 4.42 134
az value in [Li1-zNiz]3b[Ni] 3a[O2]6c was 0.05.
bNi 3a (0 0 0), Li 3b (0 0 0.5), O (0 0 Zox) atomic site in R3m.
cRwp

2 = [Σω(yobs-ycal)2]/[Σω(y2
obs)], where the summations are over all data points, yobs and ycal are the observed and calculated count numbers

for a data point, ω = 1/yobs is the corresponding weight.

Fig. 3. Lattice parameters obtained from Rietveld refinement: (a)
variation of lattice parameter a and c; (b) c/a ratio according to the
Co substitution. Note that the lattice parameters follow the
Vegard's rule, indicative of a single phase formation in LiNi1-xCoxO2

(x = 0.0~1.0).
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j � Ö"¢ ¾æÚî
. Co& ~~>æ pf LiNiO2~ ãÖ
ÏO*� ê¯Nö V¢ ��² Ïï� 6²~º ©j " >&
®
. �©f 4.2 V (vs. Li/Li +) "¾öB ¾æ¾º çæ�ö
~� *çb� J«� > ®
. ¯, � **öBº v B~ G
O��& ��~² >º� Ï¶ç> c8~ N�& 0.3ç� /
Ï� ��æz& ¢ÚÂ
. >�ö Co& ¢¦ ~~B ãÖº Ï
O*� >�>z¢ê LiNiO2~ ãÖ¾" O*Ïï� /Ï~²
6²~æ p� Fæ>º ©j {�� > ®
. 

Fig. 5ö LiNiO2f LiNi 0.5Co0.5O2~ Ï*�Fj ¾æÚî
.
ÒÒ�N~ îÒ>w� ¢Ú¾�B ��æz¢ Ð² >�, 2B
~ ç� ��~æ� Ï*�Fö plateau& ¾æ¾² B
.
LiNiO2~ ãÖ Ö;��& �� �ê¢ �~�B ÒÒ�N� î
Ò>æ� �� B~ plateau¢ ��~º *{�Fj ��º >
�, Co& ~~B ãÖº Ö;��~ æz ì� �¢çb� Ò
Ò�N~ îÒ& ê¯>æ� plateau ì� �B~² æzNj
" > ®
. Co& ~~B LiNi 0.3Co0.7O2& 
B� ÒÒ� îÒ
>�B ��æz& ¢Ú¾æ pº ©j {�~V *~� DOC

(depth of charge)ö V¢ � *�bî~ x-F ². ªCj >
¯~&
. Fig. 6j �� Ï*� ê¯>�B ².F~ *~º æ
~æò î�Ú ².b�& ¾æ¾�¾ b�& ªÒ>æº pº
©j " > ®
. 

LiNiO 2f LiNi 1-xCoxO2~ ÏO* �ÿ N�¢ 
r" ?�
J«� > ®
. LiNiO2~ ãÖ ÒÒ�N~ ã«/îÒ >w�
�� Ö;��¢ �~�B ê¯>æ� ¦bæzö V� wK�
FB>Ú ÏO*� ��Nö V¢ �bî «¶* 6º �bî
" ÷*Úf~ 7/� ö�~æ á~² >Ú ª�*ç� Ã&
~æ� O*Ïï� æ³'b� 6²�
. ��¾ Co& ~~B
ãÖº �¢çb� ÒÒ�N~ ã«/îÒ& ê¯>æ� ¦bæ
z~ ;ê& ç&'b� '�, V¢B ª�~ ;êê '
.

3.3. Ö;��ö V� ÏO* ßW
Fig. 7öº LiNi 1-xCoxO2~ EVS Ï*�Fj ¾æÚî
.

LiNiO 2~ ãÖ(x = 0.0)º Ï*�FöB ­ B~ b�(3.56, 3.66,

Fig. 4. Discharge capacity profiles of LiNi1-xCoxO2 composite elec-
trodes. The used electrolyte was 1.0 M LiClO4 in EC :DEC (1 :1
volume ratio) mixture and voltage range was 3.0~4.3 V (vs. Li/Li +).

Fig. 5. Galvanostatic charging voltage profiles of LiNiO2 and
LiNi 0.5Co0.5O2 in the second cycle. The experimental conditions
were the same as for Fig. 4. Note the presence of plateaus in
LiNiO 2, but a monotonous change in LiNi0.5Co0.5O2.

Fig. 6. XRD patterns of LiNi0.5Co0.5O2 electrodes taken with a
variation in the depth of charge. Note the negligible change in the
XRD profiles. Si was used as the internal standard.

Fig. 7. EVS charging profiles of LiNi1-xCoxO2 (x = 0.0~1.0) in the
second cycle. Note the peaks appearing at 3.57, 3.7 and 3.92 V and
their intensity variation with Co substitution. 
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4.06 V)& ¾æ¾� ®º�, �º �öB Þ/� ©" ?� [
ç-�Ò-[ç��� �� æz& ¢Ú¾� ®V r^�
.
LiCoO2~ ãÖ(x = 1.0)º 3.92 VöB Ï*>w� ¢Ú¾� ®
rj " > ®
. Co& ~~B ãÖº Co~ ~~ïö V¢ B
� 
� ßWj ��
. ¯, Co �ï� 30, 50% ãÖº 3.57 V
f 3.7 VöB broad� v B~ b�& ��æò, Co �ï�
70%� ãÖº 3.7 V b�º �~ Ò¢æ� &� 3.92 VöB b
�& ¾æÂ
. Nij ��~º Î� �òöB 3.57 VöB b�
& &V>æ� �º Ni~ Özö ~� b�¢� 6�B
. �
Þ, Co �ï� 70%� �òöB ¾æ¾º 3.92 V b�º
LiCoO2~ EVS �FöBê ¾æ¾º ©b� �j Co~ Öz>
wö ~� ©b� �'� > ®
. 

Fig. 7j ¶^® ÚÚ�� Ï*�Ff Co ~~ïö V¢ æ
z~� ®
. ¯, 3.7 VöB ¾æ¾º b�º Co �ï� Ã&�
>� 6²~º >�, 3.92 V b�º 6N Ã&�
. �VB �
��Ú Ò
f LT-LiCoO2& 3.7 VöB Ï*>�, HT-LiCoO2º

3.92 VöB Ï*B
º ©�
. ��¦V Co ~~ïö V� Ö
;��f ·�ßW~ æz¢ ;Ò� > ®
. ¯, Co ~~ï�
'f ãÖº Ï¶ç> c/a 8� ·� Ö;���öB LT-
LiCoO2f FÒ~
. �ÏÚ 7 Co Wªf *Vz�'b�ê
LT-LiCoO2f ?� 3.7 VöB Ï*B
. Co ~~ï� � ãÖº
HT-LiCoO2f ?f [ç��¢ &æ�, Co Wªf HT-LiCoO2

f ?� 3.92 VöB Ï*B
. �ÏÚ¢ ;W~� ®º Ni"
Co 7öB Co Wªf [ç��& B�~�B ÏO* **&
3.7 VöB 3.92 V� æz~æò, Ni Wªf Ö;��~ æzö
ê ®�~� �ç 3.57 VöB Ï*>� ®
. �ö &� ºê
��& jº~
. 

4. Ö �

LiNi 1-xCoxO2 (x = 0.0~1.0)¢ ��Ö»b� �W~�, ÒÒ �
N*æ~ ·�Òò WËö &�B �Ò~&
. � Ö", 
r"
?f Ö�j áî
.

(1) LiNi1-xCoxO2 (x = 0.0~1.0)º Ï¶ ç> af c8� �W
ö V¢ jv' F;'b� æ~º ©b�¦V LiNi 1-xCoxO2~

�ÏÚ� �W>º ©j {�~&
. Ï¶ç>º Co3+ �N�
Ni3+ �N�
 ·f &ê� Co~ ·� Ã&�>� *Ú�º ã
Ëj �&
. 

(2) ÏO* 
þöB Co �ï� Ã&�>� .V O*Ïïf
6²~&b¾, LiNiO2ö j� Ïï Fæ�öB Ö>� WËj
¾æÚî
. �º LiNiO2& �� çæ�¢ Ðb�B ÒÒ�N
~ ã«/îÒ& ê¯>º ©" �Ò LiNi 1-xCoxO2º �¢çöB
ê¯>V r^�
.

(3) Co ~~ï� 'f �ò (x = 0.3~0.5)º c/a 8� 4.95-
4.96� «O��f &rÖ¾, Co ~~ï� � ãÖ(x = 0.7)º c/
a =�4.98�B [ç��¢ &r
. 

(4) EVS Ï*
þöB �ÏÚ Wª 7 Ni Wªf 3.57 Vö
B Ï*>¾ Co Wªf 3.7 Vf 3.92 VöB Ï*B
. Co Wª
f �ÏÚ~ Ö;��& «OöB [çb� æ�ö V¢ Ï*

*{� 3.7 VöB 3.92 V� �ÿ>î
. ��¦V Co ~~ï�
'f ãÖ �ÏÚº LT-LiCoO2f FÒ� Ö;��¢ &æ�,
Co Wªf LT-LiCoO2f ?f *Vz�' ßWj &öj {�
� > ®
. >�, Co ~~ï� � ãÖ �ÏÚº HT-LiCoO2

f ?f [ç��¢ &æ�, Co Wªf HT-LiCoO2f FÒ�
ßWj �ªj {�� > ®
. 

6Ò~ &

� ��º ö.æ æ~Á&Ë ��bV¢ Û� ��"�Ò�
~ æöb� >¯>î
.
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