
C H A P T E R  IV

RESULTS AND DISCUSSION

4.1 Synthesis of CuInSn04 by Sol-Gel Method

After preparation the mixed metal mixture by sol-gel method, the color of 
metal mixture solution was transparent dark blue. No colloidal dispersion was 
appeared, obtaining a homogeneous solution, due to diethanolamine acting as a 
directing agent to form hydroxyl bond or 0X0 bond with the precursor in the sol-gel 
process, resulting in network formation, as indicated by T ra v e rsa  e t a l ,  20 01  a n d  
V erm a e t a l ,  20 07 .

4.2 Synthesis of CuInSn04 Nanofibers via Electrospinning Method

Pure PVA solution was first used to find a suitable viscosity for achieving 
smooth fibers. The optimal conditions found were to use 10% of PVA at 15 cm 
distance and 12 kv voltage to obtain continuous fibers with nano-scale size although 
some beads occurred and the fibers merged together (Figure 4.1).

F ig u re  4.1 Micrographs of 10% PVA spun at 15 cm distance and 12kV, and
taken with magnification of A) 3,000x and B) 7,000x.
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T h e s e  s p in n in g  c o n d i t io n s  w e r e  fu r th e r  u s e d  t o  m i x  w i t h  t h e  m i x e d  m e ta l  

s o lu t io n ,  b y  m i x i n g  th e  m e t a l  m ix t u r e  w i t h  1 0 %  o f  P V A  ( 1 : 1 0  b y  v o lu m e )  a n d  

s t ir r in g  fo r  3 0  m in  to  o b ta in  h o m o g e n e o u s  s o lu t io n  b e f o r e  s p in n in g .  T h e  m ix t u r e  w a s  

e le c t r o s p u n  b y  v a r y in g  th e  d i s t a n c e  b e t w e e n  th e  c h a r g e  a n d  th e  n e e d l e  ( 1 5 ,  1 7 , a n d  

2 0  c m )  a n d  th e  v o l t a g e  o f  t h e  e l e c t r i c  f i e ld  ( 1 2 ,  1 5 , a n d  1 6  k V ) .
E ffe c t o f d i s t a n c e

M e t a l  m ix t u r e  s o lu t io n  w a s  s p u n  at v a r io u s  d i s t a n c e s  b e t w e e n  th e  c h a r g e  

a n d  th e  n e e d l e  ( 1 5 ,  1 7 ,  a n d  2 0  c m )  w i t h  th e  s a m e  v o l t a g e  o f  15  k V .  T h e  S E M  r e s u lt s  

s h o w e d  d i f f e r e n t  f ib e r  m o r p h o lo g ie s .  A t  th e  d i s t a n c e  o f  1 5  c m ,  a  la r g e  a m o u n t  o f  

b e a d s  w e r e  o b t a in e d  a n d  th e r e  w e r e  n o  c o n t in u o u s  f ib e r s .  S im i la r  to  t h e  d i s t a n c e  o f  

1 7  c m , f ib e r s  w e r e  n o t  c o n t in u o u s  e i th e r ,  b u t  a  s m a l le r  a m o u n t  o f  b e a d s  w e r e  s e e n .  
T h e  2 0  c m  d i s t a n c e  g a v e  c o n t in u o u s  f ib e r s  a n d  m u c h  l e s s  b e a d s  ( F ig u r e  4 .2 ) .  
A c c o r d in g  t o  Supaphol et a l ,  2008, a n  in c r e a s e  in  th e  c o l l e c t i o n  d i s t a n c e  c a u s e d  th e  

e le c t r o s t a t ic  f i e l d  s t r e n g th  ( E F S )  to  d e c r e a s e .  T h e  d e c r e a s e d  E F S  c a u s e d  b o th  th e  

e le c t r o s t a t ic  a n d  t h e  C o u lo m b ic  r e p u ls io n  f o r c e s  to  d e c r e a s e ,  r e s u l t in g  in  th e  

d e c r e a s e  o f  t h e  d r o p le t  f o r m a t io n .  M o r e o v e r ,  th e  in c r e a s e  o f  th e  c o l l e c t i o n  d is t a n c e  

a ls o  r e s u lt e d  in  t h e  f o r m a t io n  o f  s m o o t h  f ib e r s  w i t h o u t  th e  p r e s e n c e  o f  b e a d s ,  
in d ic a t in g  th a t  t h e  j e t  w a s  s t r e tc h e d  e n o u g h  p r io r  to  t h e  d e p o s i t io n  o n  th e  c o l le c t o r .

A B C

Figure 4.2 S E M  i m a g e s  o f  m i x e d  m e ta l  m ix t u r e  s p u n  a t 1 5  k V ,  a n d  v a r io u s  

d is t a n c e s ;  A )  1 5  c m ,  4 5 0 0 x ,  B )  1 7  c m , 4 5 0 0 x ,  a n d  C )  2 0  c m ,  5 ,0 0 0 x .
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E ffe c t o f v o l t a g e

B y  f i x in g  th e  d i s t a n c e  at 2 0  c m  th e  v o l t a g e  w a s  v a r ie d  ( 1 2 ,  1 5 ,  a n d  1 6  k V )  

to  s tu d y  i t s  e f f e c t  o n  th e  f ib e r  fo r m a t io n . T h e  S E M  r e s u lt s  g a v e  d i f f e r e n t  f ib e r  

m o r p h o lo g ie s .  A t  1 2  k V ,  m a n y  b e a d s  fo r m a t io n  w e r e  fo u n d  a n d  t h e  f ib e r s  w e r e  

n e ith e r  c o n t in u o u s  n o r  s m o o t h ,  w h i l e  1 5  k V  s t i l l  g a v e  s o m e  b e a d s ,  b u t  th e  f ib e r s  

w e r e  s m o o t h e r .  T h e  1 6  k V  s e e m e d  to  b e  th e  b e s t  s in c e  it  g a v e  c o n t in u o u s  a n d  

s m o o t h  f ib e r s  a n d  s m a ll  a m o u n t  o f  b e a d s .  It m e a n s ,  th e  in c r e a s e  o f  t h e  v o l t a g e  a ls o  

d e c r e a s e d  th e  s i z e  o f  th e  b e a d s  a n d  th e  f ib e r  s h a p e  to  b e  m o r e  e lo n g a t e d  ( F ig u r e  4 .3 ) .

c

Figure 4 .3  S E M  i m a g e s  o f  m ix e d  m e t a l  m ix t u r e  s p u n  a t 2 0  c m  d i s t a n c e  a n d  

v a r io u s  v o l t a g e s ;  A )  12  k V ,  1 0 ,0 0 0 x ,  B )  15 k V ,  5 ,0 0 0 x ,  C )  1 6  k V ,  1 0 ,0 0 0 x .
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It w a s  f o u n d  th a t  th e  f ib e r s  s p u n  a t 2 0  c m  d i s t a n c e  a n d  1 6  k v  v o l t a g e  

p r o v id e d  s m a l l  a m o u n t  o f  b e a d s  a n d  g a v e  c o n t in u o u s  f ib e r s  w h e n  c o m p a r in g  w i t h  

o th e r  c o n d i t io n s  ( F ig u r e s  4 .4  -  4 .6 ) .  T h e  r e a s o n  i s  th a t  a t h ig h e r  d i s t a n c e  a n d  h ig h  

v o l t a g e ,  f ib e r s  i n j e c t e d  f r o m  s y r in g e  w e r e  d r ie d  c o m p l e t e l y  a n d  d i s p e r s e d  t h r o u g h o u t  

t h e  a lu m in iu m  f o i l  a n d  t h e  c h a r g e  d u e  to  m e ta l  i o n  c a u s e d  t h e  b e a d  fo r m a t io n  

d e c r e a s e ,  a s  s t u d ie d  b y  Supaphol et a l,  2008.

A B

Figure 4.4 S E M  i m a g e s  o f  m i x e d  m e t a l  m ix t u r e  s p u n  a t 2 0  c m  d i s t a n c e  a n d  1 6  k V ;  

A )  5 ,0 0 0 x  a n d  B )  1 0 ,0 0 0 x .

A B

F i g u r e  4 .5  SEM images of mixed metal mixture spun at 17 cm distance and 15 kV;
A) 4,500x and B) 10,000x.
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A B
Figure 4.6 S E M  i m a g e s  o f  m i x e d  m e ta l  m ix t u r e  s p u n  at 15  c m  d i s t a n c e  a n d  15  k V ;  

A )  4 ,5 0 0 x  a n d  B )  1 0 ,0 0 0 x .

A f t e r  e l e c t r o s p in n i n g  p r o c e s s ,  th e  f ib e r s  w e r e  c a l c i n e d  at 8 0 0 ° ,  9 0 0 ° ,  9 5 0 ° ,  
a n d  1 1 0 0  ° c  a t a  r a te  o f  0 .5  ๐c  p e r  m in  to  e l im in a t e  P V A  a n d  a n y  o r g a n ic  

c o m p o n e n t s  t o  fo r m  m i x e d  m e t a l  o x id e  p r o d u c t s  ( F ig u r e s  4 .7  -  4 .8 ) .  W h e n  

in c r e a s in g  t e m p e r a tu r e ,  th e  f ib e r s  w e r e  c o l la p s e d  a n d  a g g lo m e r a t e d .  T h e  r e a s o n s  

c o u ld  b e  f o l lo w i n g ;  1 ) u s in g  to o  s m a ll  a m o u n t  o f  m e ta l  m ix t u r e  in  la r g e  a m o u n t  o f  

P V A ,  th u s  a f te r  c a l c i n a t i o n s  to  e l im in a t e  P V A ,  th e r e  w a s  t o o  s m a l l  a m o u n t  o f  m e ta l  
o x i d e  to  fo r m  f ib e r s ;  2 )  n o  fo r m a t io n  o f  th e  0 X 0  o r  h y d r o x o  b o n d s  b e t w e e n  e a c h  

m e t a l  b e f o r e  s p i n n i n g  d u e  to  t o o  sh o r t  s t ir r in g  t im e  (Supaphol et a l,  2008); a n d  3 )  

u s i n g  t o o  h ig h  h e a t in g  r a te , a s  s tu d ie d  b y  Z h a n g  e t  a l . ,  2 0 0 9 ,  w h o  c a l c i n e d  f ib e r s  at 

7 0 0  ° c  fo r  1 8  h , u s i n g  a  d e c r e a s in g  h e a t in g  r a te  fr o m  5 ° c  p e r  m in  to  2  ° c  p e r  m in  to  

o b t a in  a  g o o d  f ib e r  s tr u c tu r e . W h e n  P V A  a n d  a n y  o r g a n ic  c o m p o n e n t s  w e r e  

e l im in a t e d ,  th e  a s -p r e p a r e d  p r o d u c t  b e c a m e  p a r t ic le s  in s t e a d  o f  f ib e r s  ( F ig u r e s  4 .9 ) .  
T h e r e f o r e ,  t h e  c o n d i t io n s  w e r e  a d ju s te d  b y  u s i n g  la r g e r  a m o u n t  o f  m e t a l  m ix t u r e  ( 0 .3  

to  1 m L ) ,  i n c r e a s in g  th e  s t ir r in g  t im e  b e f o r e  s p in n in g  fo r  th e  fo r m a t io n  o f  th e  0X 0 o r  

h y d r o x o  b o n d s  b e t w e e n  e a c h  m e t a l  ( f r o m  15  m in  to  2 4  h ) ,  a ls o  d e c r e a s in g  th e  

h e a t in g  r a te  ( f r o m  1 ๐c  to  0 .3  ๐c  p e r  m in )  . F r o m  th e  S E M  r e s u l t s  in  F ig u r e  4 .1 0 ,  th e  

p r e c u r s o r s /P V A  f ib e r s  c a l c i n e d  a t 9 5 0  ๐c  u s i n g  th e  h e a t in g  r a te  o f  0 .3  ๐c  p e r  m in  

p r o v id e d  m i x e d  m e t a l  o x i d e  f ib e r s .
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Figure 4 .7  S E M  i m a g e s  o f  m i x e d  m e t a l  m ix t u r e  s p u n  at 2 0  c m  d i s t a n c e ,  1 6  k V ,  
c a l c i n e d  at 8 0 0  ๐c  h e a t in g  r a te  0 .5  °c/m; A )  5 0 ,0 0 0 x  a n d  B )  1 0 ,0 0 0 x .

Figure 4 .8  S E M  i m a g e s  o f  m i x e d  m e t a l  m ix t u r e  s p u n  a t 2 0  c m  d i s t a n c e ,  1 6  k V ,  
c a lc in e d  a t 9 0 0  °c h e a t in g  r a te  0 .5  ๐c/m; A )  1 0 ,0 0 0 x  a n d  B )  2 0 , 0 0 0 x .

F i g u r e  4.9 SEM images of mixed metal mixture spun at 20 cm distance, 16 kV,
calcined at 1,100 ๐c  heating rate 0.5 ๐c/m; A) 10,000x and B) 20,000x.
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A B
Figure 4.10 S E M  i m a g e s  o f  m i x e d  m e t a l  m ix t u r e  s p u n  a t 2 0  c m  d i s t a n c e ,  1 6  k V ,  
c a lc in e d  a t 9 5 0  ° c  w i t h  a  0 . 3 ° c  p e r  m in  h e a t in g  ra te ; A )  1 0 ,0 0 0 x  a n d  B )  2 0 ,0 0 0 x .

T h e  X R D  r e s u lt s  o f  th e  p r o d u c t  c a l c i n e d  at 8 0 0  ๐c  a n d  s h o w i n g  m ix e d  

p h a s e s  o f  in d iu m  o x i d e  ( 1ท2 0 3 ) ,  t in  o x id e  (SnC>2)  a n d  v e r y  s m a l l  a m o u n t  o f  c o p p e r  

o x i d e  ( C u O )  c o u l d  c o n f ir m  th e  S E M  r e s u lt  th a t  th e  c o l la p s e d  a n d  m e r g e d  f ib e r s  

o c c u r r e d ,  p r o b a b ly  d u e  to  n o n - h o m o g e n e i t y  o f  th e  m i x e d  m e t a l  s o lu t i o n  b e f o r e  

s p in n in g .  M o r e o v e r ,  in  th is  c a s e ,  th e  c a lc in a t io n s  te m p e r a tu r e  a t 8 0 0  ° c  w a s  t o o  lo w  

to  fo r m  s p in e l  s tr u c tu r e , a s  s t u d ie d  b y  I n g r a m  et al. w h o  s y n t h e s i z e  C d ln S n C U  b y  

s o l i d - s t a t e  m e t h o d  a n d  o b t a in e d  th e  s p in e l  s tr u c tu r e , a t 1 1 7 5  ° c .  In  o u r  c a s e ,  th e  

p r o d u c t s  w e r e  c a l c i n e d  at v a r io u s  h e a t in g  t e m p e r a tu r e s ,  in c l u d i n g  9 0 0 ° ,  9 5 0 ° ,  a n d  

1 1 0 0  ๐c ,  h ig h e r  th a n  8 0 0  ๐c ,  at a  h e a t in g  r a te  o f  0 .5  ๐c  p e r  m in  ( F ig u r e  4 .1 1 ) ,  a n d  

t h e  r e s u lt s  l o o k e d  l ik e  c o n t a in in g  th e  m ix e d  p h a s e s  o f  in d iu m  o x i d e  ( 1ท2 0 3 ) ,  t in  o x id e  

(S n C h )  a n d  c o p p e r  o x i d e  ( C u O ) .  H o w e v e r ,  t h is  C u I n S n 0 4  i s  a  n e w  c o m p o u n d  a n d  n o  

o n e  h a s  e v e r  s y n t h e s i z e d ,  t h u s ,  th e  p h a s e s  s h o w i n g  c o u ld  b e  b e l o n g  to  e i t h e r  t h o s e  

th r e e  m e t a l  o x i d e s  o r  p u r e  s p in e l  p h a s e  p r o d u c t ,  o r  b o th  o v e r la p p in g  e a c h  o th e r .
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X R D  p a t t e r n  o f  C u In S n O <  a t  v a r io u s  h e a t in g  t e m p e r a t u r e s

♦  เก 2๐ 3 A  S n 0 2 ©  C uO

Figure 4.11 X R D  p a t t e r n s  o f  C u In S n C U  a t v a r io u s  h e a t in g  t e m p e r a tu r e s  f o r  3 6  h  

w it h  th e  h e a t in g  r a te  o f  0 .5  ° c  p e r  m in .

In  a d d it io n ,  th e  s y n t h e s iz e d  m ix e d  m e t a l  o x id e  f ib e r s  w e r e  c o m p a r e d  p e a k s  

w it h  o th e r  X R D  p a t te r n s  o f  s p in e l  s tr u c tu r e  p h a s e ,  i n c lu d in g  M g A l 20 4  ( K o n g  et a l,

2 0 0 2 ) ,  F e 3Û 4 (Kaczm arek et al., 1997), N i A l 2Û 4 (Hasin et al., 2007), a n d  C u I n S n 0 4  

(Dedryve're et al., 2000), b y  u s in g  B r a g g ’s  L a w  e q u a t io n  (E q . 4 . 1 - 4 .2 ) ,  a n d  th e  

r e s u lt s  a re  s h o w n  in  T a b le  4 .1 .  A c c o r d in g  to  th e  c a lc u la t io n ,  th e  X R D  p a t t e r n  o f  th e  

s p in e l  s tr u c tu r e  p h a s e  o f  e a c h  c o m p o u n d  p r o v id e s  th e  s im i la r  u n it  c e l l  p a r a m e t e r  (a )  

fo r  d i f f e r e n t  2 T h e t a s .  T h e  s p in e l  s tr u c tu r e  p h a s e  s h o w s  p e a k s  a t th e  s a m e  h k l  p la n e  

fo r  d i f f e r e n t  d - s p a c i n g s  o r  d i f f e r e n t  2 T h e t a  p o s i t io n s .  T h e r e f o r e ,  th e  X R D  r e s u lt s  o f  

th e  s y n t h e s iz e d  m i x e d  m e ta l  o x id e  c o m p o u n d  (C u In Sn C X }) s h o w e d  th e  m i x e d  p h a s e s  

o f  th e  s p in e l  s t r u c tu r e  a n d  o th e r  o x id e  p h a s e s ,  in c lu d in g  in d iu m  o x id e  ( I n 20 3 ) , t in  

o x id e  ( S n 0 2) ,  a n d  c o p p e r  o x id e  (C u O ) ,  (F ig u r e  4 .1 2 ) .

n A = 2 d s i n 0 .  ( E q . 4 . 1 )

v / / i 2 +  k 2 +  l2
(E q . 4 .2 )



2 3

Table 4.1 T h e  s p in e l  s tr u c tu r e  p h a s e  p a tte r n  o f  v a r io u s  s p in e l  s tr u c tu r e  c o m p o u n d s

Compound 2Theta d-spacing
(A) hkl plane Intensity % Unit cell

parameter (a) (Â)

M g A l20 4

3 1 .5 0 2 .8 3 7 2 2 0 4 5 8 .0 2 7 9

3 7 .5 0 2 .3 9 6 311 100 7 .9 3 7 3

3 9 .0 0 2 .3 0 7 2 2 2 5 7 .9 7 8 4

4 5 .0 0 2 .0 1 3  - 4 0 0 5 0 8 .0 4 3 6

6 3 .2 5 1 .4 6 9 4 4 0 45 8 .3 0 6 6

F e 30 4

2 2 .0 0 4 .0 3 6  •. 111 2 0 6 .9 8 5 7

3 6 .0 0 2 .4 9 2 2 2 0 4 0 7 .0 4 9 0

4 2 .0 0 2 .1 4 9 311 100 7 .1 2 7 7

5 1 .0 0 1 .7 8 9  ' 4 0 0 38 7 .1 5 5 4

7 5 .5 0 1 .2 6 5  . 4 4 0 43 7 .1 1 8 6

N iA120 4

3 7 .5 0 2 .3 9 6 311 100 7 .9 4 3 5

4 5 .0 0 2 .0 1 3 4 0 0 55 8 .0 4 3 6

6 6 .0 0 1 .4 1 4 4 4 0 6 0 7 .9 9 7 4

C u In S n S 4

1 5 .0 0 5 .9 0 0 111 6 0 1 0 .2 1 7 6

2 4 .0 0 3 .7 0 4 2 2 0 2 0 1 0 .4 7 3 7

2 7 .5 0 3 .2 4 1 311 100 1 0 .7 4 2 4

2 9 .5 0 3 .0 2 4 2 2 2 2 0 1 0 .4 7 6 1

3 4 .0 0 2 .6 3 4 4 0 0 6 0 1 0 .5 3 0 9

4 9 .5 0 1 .8 3 9 4 4 0 6 0 1 0 .5 0 3 3

T h e  m ix e d  
m eta l o x id e  
c o m p o u n d  

(C u I n S n 0 4)

2 2 .2 0 4 .0 0 0 2 2 0 2 0 1 1 .3 0 9 0

2 6 .5 6 3 .3 5 2 311 1 0 0 1 1 .1 1 2 0

2 7 .5 6 3 .2 3 4 2 2 2 15 1 1 .1 9 8 0

3 3 .0 6 2 .7 0 7 4 0 0 4 0 1 0 .8 2 5 8

5 1 .3 2 1 .7 7 8 4 4 0 30 1 0 .0 5 9 3
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H o w e v e r ,  th e r e  a r e  r e s e a r c h e s  i n v o l v i n g  in  th e  e f f e c t  o f  c a l in a t io n  

t e m p e r a tu r e  o n  th e  s p in e l  s tr u c tu r e  p h a s e  f o r m a t io n  (Hongyu et a l ,  2004, Ingram et 

a l, 2004, Dedryve're et a l,  2000). T h e  f ib e r s  w e r e  a ls o  c a l c in e d  a t 9 5 0  ๐c  fo r  3 6  h  

u s in g  0 .3  ° c  p e r  m in  h e a t in g  ra te  a n d  th e  X R D  r e s u lt  w a s  s im i la r  t o  th a t  c a lc in e d  at 

th e  s a m e  c o n d i t io n s ,  e x c e p t  u s in g  th e  h e a t in g  r a te  o f  0 .5  ° c  p e r  m in  ( F ig u r e  4 .1 2 ) .  
T h e  o b t a in e d  m i x e d  m e t a l  o x i d e  f ib e r s  p r o v id e d  h ig h e r  s u r f a c e  a r e a  o f  6 0  m 2/ g  th a n  

n o n - f ib e r s ,  6  m 2/ g  th a t  w e r e  s h o w e d  in  T a b le  4 .2 .
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Figure 4.12 X R D  p a t te r n s  o f  C u I n S n C >4 a t 9 5 0  ° c  f o r  3 6  h  w i t h  t h e  h e a t in g  r a te s  

o f  0 .5  a n d  0 .3  ° c  p e r  m in .

Table 4.2 S u r f a c e  a r e a , p o r e  v o lu m e ,  a n d  p o r e  s i z e  o f  f ib e r  a n d  n o n - f ib e r  

p r o d u c t  o f  C u In S n C >4

Type of Product Surface Area
(m2/g)

Total Pore Average Pore
Volume (cc/g) Diameter (nm)

F ib e r s 6 0 .4 9 0 .0 7 3 .1 0
N o n - f i b e r s 6 .4 3 0 .0 2 1 1 .0 4
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F u r th e r m o r e , th e  m ix e d  m e t a l  o x id e  f ib e r s  a t v a r io u s  c a lc in a t io n  

te m p e r a tu r e s  w e r e  m e a s u r e d  c o n d u c t iv i t y  u s i n g  L C R  m e t e r  a d ju s te d  t h e  f r e q u e n c y  

a n d  th e  v o l t a g e  a t 5 0  H z  a n d  4 .0  V ,  r e s p e c t i v e ly ,  th e  s a m e  a s  t h e  c o n d i t io n s  u s e d  in  a  

t y p ic a l  L i - io n  b a t te r y . T h e  r e s u lt s  s h o w e d  th a t  f ib e r s  c a l c i n e d  a t h i g h  te m p e r a tu r e  

in c r e a s e d  r e s i s t iv i t y .  T h e  r e a s o n  c o u ld  b e  th a t  a n  in c r e a s e  in  c a l c i n a t i o n  te m p e r a tu r e  

m ig h t  e l im in a t e  t h e  f r e e  e le c t r o n s  th a t e n h a n c e  c o n d u c t iv i t y  o f  t h e  m i x e d  m e t a l  o x id e  

c o m p o u n d s  ( T a b le  4 .3 )  ( C h e n g  J .G . et a l ,  2 0 0 3  a n d  S o l i m a n  s .A . et a l ,  2 0 0 9 ) .

Table 4.3 C o n d u c t iv i t y  d a ta  o f  m ix e d  m e t a l  o x id e  c o m p o u n d  f ib e r s  a t v a r io u s  

c a lc in a t io n  t e m p e r a tu r e s

Calcination temperature
( ๐C) Resistivity (kft ) Conductivity (kS)
8 0 0 1 .3 3 8 7 0 .7 4 6 9
9 0 0 5 .3 5 7 2 0 .1 8 6 6

9 5 0 8 .2 3 5 7 0 . 1 2 1 4

1 1 0 0 8 9 .8 4 3 6 0 .0 1 1 1
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