
CHAPTER 3

EXPERIMENTAL AND RESULTS

3.1  Apparatus and Instruments

1. A ld rich  K ugelrohr Apparatus

model 213-196-2

2. High Vacuum Pump

Edwards model E2m2 20035

3. Fourier-Transform  IR Spectrophotometer

Perkin-E lm er model 1760X

4. Fourier-Transform  NMR Spectrophotometer

Bruker model AC-F 200

5. Mass Spectrometer

Jeol model JMS-DX 300

6. CFR Standard Engine

ASTM method D 2699

3.2  Reagents and Their P u r ifica tio n s

1. Magnesium tu rn in g s

reagent grade; F luka, Sw itzerland

2. n-Hexyl bromide

reagent grade; F luka, Sw itzerland

3. Stannic c h lo r id e  anhydrous

reagent grade; F luka, Sw itzerland
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4. Tetrahydrofuran and Toluene anhydrous

commercial grade; removed tra ce  o f water by re f lu x in g  

w ith  sodium metal and d is t i l l e d  before use

5. Iod ine c ry s ta ls

6. Ammonium c h lo r id e

reagent grade; sa tu ra ted  aqueous s o lu tio n , F luka, 

Sw itzerland

7. Sodium s u lfa te  anhydrous

reagent grade; F luka, Sw itzerland

8. M e th y l- te r t-b u ty l e ther

commercial grade; 98% minimum

9. Isopropyl a lcoho l

commercial grade; d is t i l l e d  before use

10. T in -b u ty l (T e tra b u ty l T in)

reagent grade; F luka, S w itzerland

11. m iscellaneous so lvents

d is t i l l e d  before  use

3.3  Synthesis of T etrahexyltin  by Grignard Reaction

n-hexylmagnesium bromide was prepared from magnesium 

tu rn ing s  ( 9.00 g, 0.37 mole ) and n -hexy l bromide ( 58.00 ml, 68.15 g, 

0.41 mole ) in  THF ( 100 ml ) conta ined in  500 ml three-neck round 

bottom f la s k  f i t t e d  w ith  a dean-s ta rk , g lass apparatus fo r  tra p p in g  

which water th a t occurred from re a c tio n , condenser and d ry in g  tube, 

dropping funne l, and magnetic s t i r r e r .  The reac tion  had been

in i t ia te d  by adding a sm all q u a n tity  o f iod ine in  f la s k  and hexyl 

bromide was added dropwise from dropping funne l, when the  a d d itio n  

was completed, THF was d is t i l l e d  o f f  from the reac tion  m ixtu re  using 

dean-stark apparatus. Toluene ( 100 ml ) was added and then anhydrous
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s tann ic  ch lo rid e  ( 9 .7  ml, 21.5 g, 0.082 mole ) was added dropwise

w ith  continuous s t i r r in g .  The reac tion  m ixture was re flu x e d  fu r th e r  

fo r  3 hours. The excess Grignard reagent was decomposed by adding a 

sm all amount o f sa tu ra ted  aqueous ammonium ch lo rid e  s o lu t io n . The 

to luene layer was evaporated under reduced pressure to  y ie ld  the  crude 

product which พลร d is t i l l e d  a t reduced pressure ( 3 mmHg ) to  g ive  

te tra h e x y lt in  33.0 ml ( 33.33 g, 88.55% y ie ld  based on s ta n n ic  

c h lo r id e  ), b .p . ( a t 3 mmHg ) 180-182 c .

FTIR (neat) ะ ( c n f1) ; 2957, 2923, 2852 ; 

see f i g .  3.1

1H-NMR (CDC1 ) ะ c f (ppm) ; 0.790, 0.830, 0.883, 1.269 ; 

see f i g .  3.2

13C-NMR (CDC13) ะ < f (ppm) ; 9.263, 14.193, 22.861, 27.141, 

31.592, 34.146 ppm ; see f ig .  3.3

Mass Spectrum ะ base peak a t 375, o ther peaks a t 123, 207,

291 ; see f i g .  3.4

3.4 Determ ination o f Antiknock Property in  Blended Gasoline Bases

The octane number de term ination, ASTM method D 2699, พลร 

performed by Petroleum A u th o rity  o f Thailand (PTT). Gasoline base was 

prepared by m ixing 50% L ig h t Naphtha ( octane number 69.0 ) w ith  50% 

Reformate ( octane number 96.4 ). The research octane numbers (RON) 

o f various composition gaso line  bases which were blended w ith  MTBE, 

IPA, te tra h e x y lt in  and te t r a b u ty lt in  were presented in  the  ta b le s

below.



F i g u r e  3 . 1  F T IR  S p e c t r u m  o f  T e t r a h e x y l t in
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Figure 3.2
H -N M R  S p e c t ru m  o f  T e tra h e x y lt in
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F i g u r e  3 . 3
13

C - N M R  S p e c t r u m  o f  T e t r a h e x y l t in



mss SPECTRUM. ; (8 TO 1 1 )
SAMPLE-.รพ-ธ 10 MAY 93
NOTE -.24 /า El 'ไ0 บ ,300 UA CHAMB.jTEMP, 150 
BASE PEAK. ; M/E 315,0 INT, 655,2
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F i g u r e  3 . 4  M a s s  S p e c t r u m  o f  T e t r a h e x y l t in
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3 .4 .1  With MTBE, te tra h ex y ltin  and te tra b u ty ltin

Table 3.1 RON o f unleaded gaso line  base which was blended w ith  MTBE, 

te tra h e x y lt in  and te t r a b u ty l t in ,  see F ig . 3 .5 -3 .6

Blended composition

RON

%MTBE g/1 H4รท g/1 B4รท

- - - 83.2

- 1 - 84.4

- 2 - 85.0

- - 1 84.9

- - 2 85.7

5 - - 85.0

5 1 - 85.7

5 2 - 86.5

5 - 1 86.4

5 - 2 87.2

7 - - 85.7

7 1 - 86.5

7 2 - 87.2

7 - 1 87.4

7 2 87.9

10 - 87.0

10 1 - 87.8

10 2 - 88.6

10 - 1 88.6

10 - 2 89.2
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F i g u r e  3 . 5
RON of unleaded gasoline base blended with MTBE, tetrahexyltin and tetrabutyltin

R O N

p e r c e n t  M T B E

I n o  ร ท  1 g /l แ 4 ร ท  “*■ 1g /l ธ  4รท

I —  2 g /l แ 4 รท  2 g /l B 4Sn

base 83.2
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F i g u r e  3 . 6
RON of unleaded gasoline base blended with MTBE, tetrahexyltin and tetrabutyltin

R O N

base 83.2
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T a b l e  3 . 2  RON o f  u n l e a d e d  g a s o l i n e  b a s e  w h ic h  w a s  b l e n d e d  w i t h  l o w e r

MTBE p e r c e n t ,  t e t r a h e x y l t i n  a n d  t e t r a b u t y l t i n ,

s e e  F i g .  3 . 7 - 3 . 8

Blended composition

RON

%MTBE g/1 H4รท g/1 B4รท

- - - 84.0

- 1 - 84.9

- 2 - 85.3

- - 1 85.2

- - 2 86.0

2 - - 84.7

2 1 - 85.2

2 2 - 85.7

2 - 1 86.0

2 - 2 86.6

3 - - 84.9

3 1 - 85.9

O0 2 - 86.0

3 - 1 86.9

3 - 2 87.2
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F ig u re  3.7
RON o< unleaded gasoline base blended with lower MTBE percent, tetrahexyltin and tetrabutyltin

R O N

base 84.0
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F ig u re  3 .8
RON of unleaded gasoline base blended with lower MTBE percent, tetrahexyltin and tetrabutyltin

R O N

base 84.0
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3 . 4 . 2  W it h  MTBE, I  PA a n d  t e t r a b u t y  I t  i n

Table 3.3 RON o f unleaded gasoline base which was blended w ith  MTBE, 

IPA and te t r a b u ty l t in  ( 5% oxygenated te s t 1 ), 

see F ig . 3.9

Blended, composition

RON

“AMTBE % IPA g/1 B4รท

- - - 83.8

- - 1 85.1

- - 2 85.4

5 - - 85.7

5 - 1 87.0

5 - 2 87.4

3 2 - 85.7

3 2 1 87.5

3 2 2 87.8

- 5 - 85.7

- 5 1 . 87.6

- 5 2 88.0
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F ig u re  3.9
RON of unleaded gasoline base blended with MTBE, IPA and tetrabutyltin (5% oxygenated testl)

R O N

0 0 .5  1 1.5 2  2 .5

B 4 ร ก  ( g / l )

r  " " ไ
b a s e  b a s e + 5 % M T B E

b a s e +  5 % I PA b a s e + 3 % M T B E + 2 % IP A

base 83.8
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T a b l e  3 - 4  RON o f  u n l e a d e d  g a s o l i n e  b a s e  w h i c h  w a s  b l e n d e d  w i t h  MTBE,

IPA  a n d  t e t r a b u t y l t i n  ( 5% o x y g e n a t e d  t e s t  2  ) ,

see F ig . 3.10

Blended composition

R0N

%MTBE % IPA g/1 Bæรท

- - - 83.4

- - 1 84.7

- - 9น์ 85.5

5 - - 85.2

5 - 1 86.3

5 - 2 87.6

3 2 - 85.5

3 2 1 86.7

3 2 2 87.5

- 5 - 85.1

- 5 1 86.9

- 5 2 87.6
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F ig u re  3 .1 0
RON ot unleaded gasoline base blended with MTBE, IPA and tetrabutyltin (5% oxygenated test2)

R O N

f  \
^  b a s e  H_ b a s e + 5 % M T B E

b a s e + 5 % I PA b a s e + 3 % M T B E + 2 % IP A

base 83.4
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T a b l e  3 . 5  RON o f  u n l e a d e d  g a s o l i n e  b a s e  w h i c h  w a s  b l e n d e d  w i t h  MTBE,

IPA  ( n o n - d i s t i l l e d  ) a n d  t e t r a b u t . y l t i n

( 5% o x y g e n a t e d  t e s t  3 ) ,  s e e  F i g .  3 . 1 1

Blended composition

RON

%MTBE % IPA g/1 B4รท

- - - 83.6

- - 1 85.2

- - 2 86.5

5 - - 84.9

5 - 1 86.6

5 - 2 87.6

3 2 - 83.7

3 2 1 85.5

3 2 2 86.4

- 5 - 84.0

- 5 1 85.1

- 5 2 86.1



F ig u r e  3 .1 1
RON of unleaded gasoline base blended with MTBE, IPA(non-distilled), tetrabutyltin (5% test3)

R O N

r  's
b a s e  b a s e + 5 % M T B E

b a s e + 5 % IP A  b a s e + 3 % M T B E + 2 % IP A

base 83.6
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T a b l e  3 . 6  RON o f  u n l e a d e d  g a s o l i n e  b a s e  w h i c h  w a s  b l e n d e d  w i t h  MTBE,

IP A  a n d  t e t r a b u t y l t i n  ( 5% o x y g e n a t e d  t e s t  4 ) ,

s e e  F i g .  3 . 1 2

Blended composition

R0N

%MTBE % IPA g/1 B4รท

- - - 82.9

- - 1 84.9

- - 2 86.0

5 - - 85.0

5 - 1 86.6

5 - 2 87.7

3 2 - 84.7

3 2 1 86.9

3 2 2 87.7

- 5 - 85.1

- 5 1 87.2

- 5 2 87.7
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Figure 3.12
RON o f unleaded gasoline base b lended w ith  MTBE. IPA and te trabu ty ltin  (5% oxygenated test4)

R O N

f ไ
base base+5%MTBE

base+ 5% I PA — base + 3%MTBE+2%IPA

b a s e  8 2 .9
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T a b l e  3 . 7  RON o f  u n l e a d e d  g a s o l i n e  b a s e  w h ic h  w a s  b l e n d e d  w i t h  3%

MTBE, IP A  a n d  t e t r a b u t y l t i n  ( 5 ,7 ,1 0 %  o x y g e n a t e d  ) ,

s e e  F i g .  3 . 1 3

Blended composition

R0N

%MTBE % IPA g / 1  B4รท

- - - 82.9

- - 1 84.9

- - 2 86.0

3 2 - 84.7

3 2 1 86.9

3 2 2 87.7

3 4 - 85.4

3 4 1 87.7

3 4 2 88.8

3 7 - 86.8

3 7 1 89.3

3 7 2 89.9
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F ig u r e  3 .1 3
RON of unleaded gasoline base blended with MTBE. IPA and tetrabutyltin (5.7,10% oxygenated)

R O N

base "+■ base+3%MTBE+2%IPA

base+3%MTBE+4%IPA — base+3%MTBE + 7%IPA

b a s e  8 2 .9
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T a b l e  3 . 8  RON o f  u n l e a d e d ,  g a s o l i n e  b a s e  w h i c h  w a s  b l e n d e d  w i t h  MTBE,

IP A  a n d  t e t r a b u t y l t i n  ( 7% o x y g e n a t e d  ) ,  s e e  F i g .  3 . 1 4

Blended composition

RON

%MTBE % IPA g /1  B4 รท

- - - 83.4

- - 1 84.7

- - 2 85.4

2 5 - 86.0

2 5 1 87.2

2 5 2 88.4

3.5 3.5 - 85.7

3.5 3.5 1 87.7

3.5 3.5 2 88.4

5 2 - 85.7

5 2 1 87.6

5 2 2 88.5
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Figure 3.14
RON of unleaded gasoline base blended with MTBE, IPA and tetrabutyltin (7% oxygenated)

R O N

f  -------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ไ

I ^  base ■+■ base+3%MTBE+2%IPA

base+ 3% MTBE+ 4% I PA — base+ 3% MTBE+7% I PA

b a s e  8 3 .4
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