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Table IV. Henry’s Constants of H, in 9-Methylanthracene, 
2-Ethy lant hraq uinone, and Dibenzofuran 

Henry’s constant, atm 

9-methyl- 2-ethylan- dibenzo- 
temp, “C anthracene thraquinone furan 

100 4140 3750 
125 3520 
150 3240 3175 2925 
200 2525 2550 2395 
250 2025 1920 

where subscript 2 stands for the solute and 1 for the solvent: 
x2 is the mole fraction of the solute in the solvent; f2 is the 
fugacity of the solute in the gas phase. Henry’s constants for 
hydrogen in the three aromatic compounds were evaluated by 
extrapolating a plot of fH,lxHl to xH = 0. The fugacity of 
hydrogen in the gas phase, fw was calculated from the 
Soave-Redlich-Kwong equation of state (4). Figure 2 shows 
the plot of Henry’s constants vs. temperature. The values of 

these constants are tabulated in Table IV. For comparison 
purposes, the Henry’s constant of hydrogen in 9,lOdihydro- 
phenanthrene, calculated from data of Sebastian et al. (3), are 
also shown in Figure 2. 
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Density and Surface Tension of 83 Organic Liquids 
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Densltles and surface tenslons of organlc llqulds of known 
purlty were measured In the temperature range of 20-80 
OC. In many cases llterature data from apparently 
reliable sources conflicted with each other. Our 
measurements were conducted wlth the alm of maklng a 
choice. Also Included are data of a few compounds of 
hlgher molecular welght measured In a broader 
temperature range. 

In the present paper densities and surface tensions are given 
for 75 pure liquids and 8 purified polymers. The surface ten- 
sions of about half of the substances have been reported in the 
excellent critical review of Jasper ( I ) ,  and his recommended 
values are compared with our data in Table 11. In most cases 
the surface tensions agree within the experimental error, but, 
where significant deviations were found, the substances were 
reexamined with special care in order to obtain the most reliable 
values. 

1. Compounds 

In Table I information is given about origins, methods of 
purification, purities, refractive indexes, and melting points of 
the compounds examined. Compounds 16-24 are branched 
hydrocarbons of the general structures A1 and A2 with following 
formulas: 

A1 A2 
A1-C,, R =  hexyl 
AI-C,,, R = decyl 
AL-C,,, R =  tetradecyl 
AI-C,,, R = octadecyl 

A2-C, ,, R = hendecyl 
A2-C,,, R = tridecyl 
A2-C,,, R = pentadecyl 
A2-C,,, R = octadecyl 
A2-C2,, R =  docosy1 

0021-95681811 I726-0323$01.25fO 

Squalane (15) is a mixture of the diastereomers of 
2,6,10,15,19,23-hexamethyttetracosane. Compounds 69-76 
are poly(ethy1ene glycols) (PEGS) and their methoxylated deriv- 
atives (PEGM) with nominal molecular masses of 600, 1000, 
2000, and 20000. The average molecular masses of the 

HO(CH,CH,O),H H,CO(CH,CH,O),CH, 

PEG PEGM 

PEGS determined by the method of ref 2 are as follows: PEG 
600, 6.10 X lo2: PEG-1000, 1.13 X lo3: PEG2000, 2.15 X 
lo3: PEG20000, 1.71 X 10‘. The derivatives PEGM were 
prepared from the PEGS: consequently, their average molecular 
masses are MW(PEGM) = MW(PEG) + 24. Under the syn- 
thetic conditions no degradation is to be expected. 

1. I .  Or@n. In the third column of Table I, the origin of the 
compounds is indicated by using the following abbreviations: FI, 
Fluka AG, Buchs, Switzerland: EGA, EGA-Chemie, Steinheim, 
Germany: Sh, Shell Research Laboratories, Amsterdam, Hol- 
land: Me, Merck AG, Darmstadt, Germany; Syl, Synthetized in 
our laboratory, see ref 3: Sy2, Synthetized in our laboratory, 
see ref 2. 

1.2. Purlflcatlon. Commercially available research-grade 
compounds have been further purified. The method of purlfi- 
cation is indicated in the fourth column of Table I by using the 
following abbreviations. 

Di: Distillation of the product in a Vigreux column discarding 
a forerun and a residue, each representing 25 % of the distilled 
material. This operation was capable of removing other mem- 
bers of homologous series to less than 0.2%. 

Di/Na: Distilled over sodium. 
Di/Hg: Distilled over mercury. 
Cr: Recrystallization from diethyl ether (DE), propanol (Pr), 

cyclohexane (CH), ethanol (E), or nhexane (H) or from a mix- 
ture of them. For example, the symbol “Di: 3XCr(E/DE)” 
means that the middle fraction of the distillation was recrys- 
tallized three times from a mixture of ethanol and diethyl ether. 

Fi: Filtration on a silica gel column (Merck: Kieselgel 60) 

0 1981 American Chemical Society 
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No Compound M o l e c u l a r  O r i -  Method o f  
l x e i o h t  l o i n  I wri f i c a t i o n .  

Table I Compounds. For a d e t a i l e d  d e s c r i p t i o n  o f  t h e  t a b l e  see  s e c t i o n  1 .  

20 Gas c h r w t o g r a p k i c  a n a l y s i s  

T c 

C 

Hydrocarbons. 

Alkanes 

1. 3ecane 

2. tI end ec a ne 

t o t a l  Main I n l p u r i t i e s  
c m o o -  1mpu- 
nent  i t i e s  s e c t i o n  

see 

I A  r e t e n t i o n  index  ( I A ) / X  i n  chromatogram 7; OC 1.5. 

3. Dodecane 

4. Tr idecane 

5. Tetradecane 

6 .  Pentadecane 

7. Hexadecane 

6. heptadecane 

9. Octadecane 

10. Nonadecane 

11. Eicosane 

I s m  lkanes 

12. 3,8-Di e t h y l  decane 

13. 2,6,10,14-Tetramethyl, 
pentadecane 

k lkenes 

2 5 .  1-Tetradecene 

2 6 .  1-Octadecene 

C y c l i c  hydrocarbcxs 

27. Cyclohexane 

28. -< - -Deca l in  

29. - r ;c - -Deca l in  

30. 3enzene 

31. Toluene 

142.29 

156.32 

170.34 

184.37 

196.40 

212:42 

226.45 

240.48 

254.51 

266.53 

282.56 

196.40 

268.53 

226.45 

422.83 

422.83 

647 .26  

871.69 

1096.12 

829.61 

941.83 

1054.04 

1222.37 

1446.80 

196.38 

252.49 

84.15 

138.25 

138.25 

78.12 

92.15 

I 

I 

1 
I 
I 

I 

1 

1 

I 

I 

I 

Y 1  

1 

1 

1 

Y l  

Y l  

Y l  

V I  

Y l  

Y l  

Y l  

Y l  

Y l  

1 
1 

e 

1 

1 

e 

ie 

)i; F i  

)i; F i  

)i; F i  

)i; F i  

)i; F i  

)i; F i  

li; F i  

)i; F i  

)i; F i  

li; F i  

)i; F i  

Ii; F i  

2 i ;  F i  

li; F i  

li; F i  

!xCr( OE/E) 

l x C r  ( O E / E  ) 

I x C r (  DE) 

I x C r (  CH) 

Zr( Pr/H/E) 

:r( Pr/H/E) 

:r( Pr/H/E) 

Cr( P r / H / E )  

cr( Pr/H/E) 

D i ;  F i  

D i ;  F i  

D i ;  F i  

D i ;  F i  

D i ;  F i  

Di/Na 

D i / N a  

40 

40 

40 

60 

10 

10 

10 

50 

6U 

60 

60 

80 

60 

10 

'1 c 
'5C 

8C 

4c 

4c 

8C 

8r 

1000 

1100 

1201 

1300 

1399 

1500 

1601 

1696 

1300 

1901 

2000 

1324 

1686 

1337 

1388 

1784 

678 

1162 

1121 

66 3 

769 

134/.02; 1065/.02 

)99/ .37h; 1 ZOO/. 19h; 1300/ .04h; 
399/ .03h 

)01/ .02h; 1099/.04h; 1299/.05h 

)99/ .10h; 1146/ .02; 11 73/ .02 
!99/.02h; 1346/.04; 1370/.20; 
161/.02; 1499/ 19h 

324/ .02; 1386/ .02; 1599/ .02h 

399/.02h; 1499/.03h; 1701/.02h 

!00/.05h; 1301/.07h; 1402/.04h; 
j99/..02/; 1801/.04h 

501/ .02h; 1600/ .Olh; 1739/ . 2 2 ;  
'72/ .25; 1862/ .02 

598/.04h; 1648/.02; 1744/.02; 
)33/ .06; 1950/ .02; 1962/.  11 

564/.05; 1841/.03; 1933/.06; 
)36/ .02 

30/, 04; 1099/.  02; 1232/.  10; 1 301/. 10; 
385/ .09 

!73/.01; 133U.01; 1469/.04 
j31/ .01; 1648/.03; 1792/.25 

34/.05; 1382/.23; 1404/.04; 1500/.03 

0961.02; 1299/.04; 1355/.02; 1324/.07 

598/.03; 1691/.09; 1754/.01; 1900/.05 

99/ .02; 637/ .01 

119/.52; 1198/.05; 1225/.01 

000/.01; 1108/.01 

97/.01; 739/.08 

64/ .02 

04 
6 3  

11 

14 

47 

06 

07 

22 

52 

29 

18 

,35 

.38 

.35 

.15 

.18 

.03 

.56 

.02 

.09 

.n2 

,412 

,417 

,422 

,426 

,428 

,431 

.434 

,434 

. 4  38 

,439 

,452 

.43L 

. 44 !  

.42L 

.48' 

.46! 

.50' 

.49( 

22.0[27 

26.21 27 

32.1[  27 

36.8L ?7 

6 .0 -46 .  

5.0-66. 

72-76 

5 .5 -7  

3,5-14. 

'2 .5 -23 .  

i7.5-38, 

.7.5-48. 
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No Compound 

Table I ( cont inued)  

20 Mo lecu la r  O r i -  Method o f  Gas c h r m t o g r a p h i c  a n a l y s i s  nd m.p. Remarks 
we igh t  g i n  p u r i f i c a t i o n  

t o t a l  
impu- see 

Tc Main I m p u r i t i e s  

O C  I A  r e t e n t i o n  index (IA)/% i n  chranatogram % OC 1.5. 

compo- 
nen t  i t i e s  s e c t i o n  

a 447 5 

.4503 

.4511 

A I kane de r  i va t i  ves 

I-ha logeno alkanes 

32. 1-Chl orotet radecane 

28.61271 

33. 1-Chlorohexadecane 

288.95 

277.30 

305.35 

333.41 

41.06 

55.08 

83.13 

181.33 

209.38 

251.46 

265.49 

279.52 

34. 1-Chlorooctadecane F1 

F1 

rl 

F1 

le 
F1 
71 

F1 

F1 

EA 
'1 

35. 1-Branotet radecane .4609 

.4620 

- 
36. 1-Branohexadecane 

28.2[271 37. 1-8ranoijctadecane 

.02 

.02 

.02 

.10 

.02 

.02 

.02 
.12 

.19 

.02 
.13 

.02 

.02 

. 2  

1 -Cyanoa lkanes 

38. A c e t o n i t r i l e  

39. Cyanoethane 

40. 1-Cyanobutane 

41. 1-Cyanohendecane 

42. 1-Cyanotr idecane 

1.4660 

1.5248 

1.5601 

1.6201 

1.5521 

1.5172 

1.5582 

1.5150 

1.6321 

1.3817 

1.4246 

1.4601 

1.5419 

12.74251 

43. 1-Cyanohexadecane 

657 

869 

963 

122 

077 

9 20 

384 

497 

509 
663 

709 

44. 1-Cyanoheptadecane 

45. 1 Cyanoectadecane 

1091/.10 

945/.02; 1156/.09; 1518/.01 

1295/.12; 1429/.07 

605/.04; 663/.09 

A 1 kano Is 

46. Methanol 

47. Ethanol 

48. 2-Butanol 

49. 1-Hexanol 

96.11 F1 

112.56 F1 

157.02 F1 

204.01 F1 

123.11 F1 

108.15 F l  

121.18 F1 

194.19 F1 

162.62 F1 

61.04 -1 

84.93 -1 

153.82 C 

173.85 -1 

267.84 '1 

232.85 F1 

F i  

F i  

F i  

Oi/Hg; F i  
Ii 

D i  

D i  

O i  

D i  

3 i  

Sp. r e f . [ 4 l  

D i ;  F i  

3 i ;  F i  

Di/Hq; F i  

260.90 1 1 

32.04 e 

46.07 e 

74.12 1 

102.17 i 1 

Benzene and naphthelene d e r i v a t i v e s  

50. Fluorobenzene 

51. Chlorobenzene 

5 2 .  Branobenzene 

53. Iodobenzene 

54. Ni t robenzene 

55. Methoxybenzene 

56. N,N-D imethy lan i l i n  

57. O ime thy lph ta la te  

58. 1 -Chloronaph t a l e n e  

Hethane d e r i v a t i v e s  

59. N i t rane thane  

60. D i c h l o r m e t h a n e  

61. Tet rachloranethane 

62. Dibrananethane 

63. Di icdanethane 

O i ;  F i  

2xCr( DE/E) ; 
D i  

2xCr ( OS/ E )  
D i  

D i ;  F i  

2xCr( M/E) 
O i  

2xCr( D U E )  
D i  

sp.  r e f . [ 4  

D i  

D i  

D i  

O i  

2xCr(H); D i  

LxCr(H); O i  

PxCr(H); O i  

O i  

D i  

40 

50 

60 

50 

60 

60 

30 

30 
50 

60 

60 
40 

en 
30 

40 

80 
40 

40 

20 

20 

60 

60 

60 

1595;. 12 f 1616; .Os; 1631) .03; 1774; .05h 
1805/. 03 

878 15841.03; 17771. i a h  ; 1840/.32; 19401.07 

080 1781/.01h; 1878/.16h; 1940/.14; 
1981/. 25h ; 1991 / .05; 2026/. 15; 2051/. 11 I 129/.03 

380/ .07h ; 1579/. 23h; 1630/ $02; 
.09h ; 1697/ .02; 1823/ .02; 1883/ .03 

986 1584/. 13h ; 1784/ .O5h; 1877/. 15; 
1847/.07; 1935/.07; 194W.07 

2119/.02; 2129/.25; 214W.09; 
209/. 05 

721 

425 

541 

937 

i95/ .  45 

I225 / .  39h; 1327/. 17h; 1483/ .04 

l097/ .02; 1332/.05h; 1420/ .05; 
l530/ .08h; 1595/ .02; 1833/ .03h 

l581/ .04; 1630/ .03h; 1733/ .02h; 
1777/.08; 1837/.25h; 1985/.05; 2065/.14 

311 563 1 64/.02; 799/.08 

.38 

.60 

.90 

.48 

.54 

. 5 2  

.45 

.60 

. 2 5  

.61 

. 2  

. 2  

.02 

..02 

:.02 

.10 

.3442 

.3658 

,3970 

.4361 

.4413 

34 [27 

41 [27 

42 

.3976 

.4179 
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No Compound 

Table I ( con t inued)  

nd 20 m.p. Remarks Mo lecu la r  O r i -  Method o f  Gas chromatographic ana lys i s  
weight  g i n  p u r i f i c a t i o n  

t o t a l  
impu- see 

Tc Main I m p u r i t i e s  

O C  I* r e t e n t i o n  index ( I A ) / %  i n  chromatogram % OC 1.5. 

compo- 
nent  i t i e s  s e c t i o n  

1 1  

01 i go-and poly-  ( e t h y l  enegl y c o l  s 1 

1 

64 1,2-Ethanediol 62.07 

90.12 

134.18 

178.24 

222.29 

610 
1.13.103 

3 2.15.10 

1.71.104 

638 

1.16.103 

2 . 1 8 . 1 0 ~  

1.71.104 

65 

66 

67 

68 

69 

?O 
7 1  

72 

73 
74 

7 5  

76 

F1 O i  

F1 O i ;  F i  

F1 O i ;  F i  

F1 D i ;  F i  

F1 D i ;  F i  

F1 Sp r e f l 2 1  

F1 Sp r e f [ 2 ]  

F1 Sp r e f [ Z ]  

F1 Sp r e f [ 2 ]  

Sy2 Sp r e f [ 2 ]  
Sy2 Sp r e f [ 2 1  

sy2 ~p r e f [ 2 1  

Sy2 Sp r e f [ Z ]  

1.2-Oimethoxyethane 

2,5,8-Trioxanonane 

2,5,8,11-Tetraoxado- 
decane 

2,5,8,11,14-Penta- 
oxapentadecane 

PEG-600 

PEG- 1 OOO 

PEG-2000 

PEG-20000 

PEG-M-600 
PEG-M-1000 

PEG-M-2000 

PEG-M-20000 

1.4281 

1.3819 

1.4090 

1.4235 

1.4326 

Miscel laneous 

20-22 

42-45 

52-55 

60-65 

22-25 

43-45 
52-55 

60-66 

77 F o m m i d e  

78 1.4-Dioxane 

79 P y r i d i n e  

80 Tetrahydrofurane 

81 Cyclohexanone 

82 Dimethy lad ipate 

83 D ime thy l su l fox ide  

45.04 F1 

88.12 Me 

79.10 k 

72.12 F1 

98.15 Me 

174.20 F1 

78.13 F1 

D i  

Sp r e f [ 4 1  

S p  r e f [ 4 ]  

D i / k  [ 4 ]  

O i  

O i  

D i  

60 

1 40 

140 

180 

140 

2 2 0  

601 

867 

1126 

1379 

880 

1132 

prepared with - ' I 4  of the weight of the substance to be pu- 
rified. 

Sp: Special puriflcation method described in the reference 
indicated in the table. 
7.3. PUrny. Gas-chromatographic analysis, the results of 

which are summarized in the fifth column of Table I, was 
performed under the following experimental conditions: Packard 
Becker (Delft, Holland) gas chromatograph Model 419, with 
flame ionization detector; column, 2.8-m Pyrex glass tube of 
0.4-cm i.d.; stationary phase, 5% (weight/total weight) Apo- 
lane-87 on Chromosorb G (Apolane-87 is identical with sub- 
stance 23 of Table I); carrier gas, helium; chromatograms at 
the Indicated temperature, T, ("C); retention indexes were de- 
termined at the temperature T,. 

Impurltles. The retention index and the amount of each 
impurity are given (the percentages are surface percents es- 
timated from the areas in the chromatogram); the symbol h 
after the percentage of an impurity indicates that it is probably 
a homologue of the main component. 

7.4. Refracflve Index and Meltin# Point. The refractive 
indexes of the pure compounds were determined with a ther- 
mostated (20.0 f 0.2 "C) Zeiss refractometer (Abbe system); 
Ass = f0.0003. Melting points are literature data from the 
references indicated. 

7.5. Remarks (Tsble I ) .  (a) The filtration over silica gel 
eliminates all polar compounds. Consequently, any impurities 
are hydrocarbons. (b) Mixture of diastereomers. (c) The com- 
mercial squalane was first fully hydrogenated with Pt as a 

579/. 27 

797/ .01 

600/.01; 776/.01; 829/.01;847/.01 

1004/ .01; 1102/ .01; 12191.02 

c.02 
.27 

.02 

.05 

.05 

< .02 

< .02 
.02 

.02 
< .02 

c . 0 2  
<.02 

1.4462 

1.4224 

1.5100 

1 .4072 
1.4501 

1.4281 

1.4776 

catalyst. (d) For details of purification, see ref 3. The purity 
of the hydrocarbons of the series A1 and A2 could be deter- 
mined neither by gas chromatography (too low volatility) nor by 
calorimetry. The purity is estimated to be better than 99.5%. 
(e) The impurity with IA,, = 11 19 IU is transdecalin. (f) The 
refractive index of benzene from ref 6 and that of carbon 
tetrachloride from ref 27 were accepted for the calibration of 
the refractometer. 

2. Experlmental Section 

2.7. Demffy. Pycnometers were thermostated to f0.05 
K in a water bath up to 70 OC (Tamson, Zoetermeer, Holland; 
thermostat Model TX9-100) and in a stirred silicon oil bath (f0.3 
K) up to 200 O C .  The temperature of the bath was controlled 
with calibrated precision thermometers. All weights were 
corrected to vacuum; the weighing error was 0.0002 g. 

The density of the pure compounds was determined with 
ASTtvl-pycnometers (Model 0941-47T) on a sample of -5 cm3. 
The cabration with distilled mercury was made between 20 and 
200 OC; the error of the volume of the pycnometer, V,,, was 
estimated to -*0.0002 cm3. The density is calculated by 

(1) 

where wtd and wpy are for the weight of the filled and empty 
pycnometer. The estimation of the variance of the density, 
V ( d ) ,  gives 

d = ( Wtot - wpJ/ v,, 
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Table 11 Density and surface tension between 20°C and 7OoC. 

Data c i t e d  frm l i t e r a t u r e  i n  i t a l i c s  

cor d e t a i l e d  discussion see sect ion 3 

1 .  
2. 

3. 

4 .  
5 .  

6. 
7. 
8. 

9 .  

10 .  

11.  

12. 

13. 

14.  

15. 
16.  

17.  

18 .  

19 .  

20. 

21. 

22. 

23. 

24. 

2 5 .  
26.  

27.  
28. 
29.  

30. 
31. 

20-70 
20-70 

20-70 

20-70 
20-70 

20-70 
30-70 

30-70 

30-70 

40-70 

40-70 

20-70 

20-70 

20-70 

20-80 

20-80 

50-80 

70-ao 

80 

20-80 

20-80 

50-80 

50-80 

60-80 

20-70 

20-70 

20-60 
20-70 
20-70 

20-60 
20-70 

Density,  d [g.cmm31 
and c o e f f i c i e n t  o f  thermal expansion, L: [ K - ' ]  

d a t  104xw 104x Ag5 L i t e r a t u r e  Furthei  

8OoC 1 K-l l i n ,  maxld,.; d: ta[ref . j  %ra. 2O0C 
I I 1 '" I 

1 

.7301[61 .6838[6 

.7402[61 .6953[6  

.7488[61 .705116 

.7561[61 .7141[6  

.7626[61 .722016 

.7684[61 .7269[6 

.7735[61 . 732516 

.7780[61 .7372[6 

.7828[61 .7415[6  

.786  161 .746  [6 

.7843[61 .7491[6  

.7770 .7340 

.7828 .7415 

.7850 .7447 

.a092 .7701 

. a i 3 7  .7730 

,7883 

,7961 

.a006 

.a365 .a002 

.a383 .a021 

.804 7 

.80 58 

.a071 

.7714 .7290 

.7891 .7482 

.7786[61 . 7212[6 

.a966 .a511 

.a690 .a250 

.8790[61 .8134[6 

.8B70[61 .311t[6 

9 .49  

9 .04  

8.79 

8 . 2 5  
8.55 

7 .79  

7 .84  

7.46 

7 .40  

7 .37  

7 .45  

7.41 

7.44 

3 .42  
8.86 

8 .67  
8 . 6 5  

. 3  2.1 

. 9  3.; 

.4  2 . :  

- 2 . (  
- 2 . (  

- 2 . (  

- 2 . (  

. 2 . (  

- 2.c 

- 2.c  

- 2.c 

- 2 . (  

- 2 . (  

. 9  l.f 

. 3  2 . :  

. 7  1 . ;  

.8 l . !  

7778; 8 .82[81 

7853; - [91  

8090; - [111 

7716; 9 . 5 5  [6 
7888; 9.06 [6 

8968; 8.68[18 

8698; 8.83[18 

2OoC 8OoC 

23.74 18.24 
24.65 19.2: 

25 .58  19.97 
25 .95  20.67 
26.69 21.28 

27.07 21.9: 
27.49 22.34 

27.88 22.77 

28.27 2 3 . 2 2  

28.60 23.61 

28.86 23.91 

26.10 21 . 2 2  

26.24 21 .5C 

24.32 19.8: 

2 8 . 1 5  23.8! 
28.40 24.04 

- 26.36 

- 27.27 

- 27.87 

30.96 26.97 

31.24 27.32 

31.41 27.62 

- 28.0: 

- 28.46 

26.75 21.5f 
28 .45  23.31 

25.16 17.95 

32.18 26.41 
30 .15  24.55 

28.81 21 . O i  

28.52 21.4: 

,0918 
.0904 

. (3894 

f(3880 

,0869 

.0858 

.0857 
,0851 

.0843 

.0833 

.0825 

.0814 

.0790 

,0747 

,0721 
.0728 

.0689 

.0633 

. M 1 8  

,0665 

.Q653 

.0631 

.@6Oq 

.0595 

.0865 

.08% 

,1195 

,0961 
.0928 

.1290 

.1181 

034 .06C 
052 .092 

030 ,053 

047 .083 
034 .06C 

060 ,107 
038 .06E 
049 .08E 

039 .068 

025 , 0 4 2  

049 . 0 8 2  

037 .065 

035 .062 

023 ,042 

054 . l o 2  
051 , 0 9 7  

059 ,110 

078 .14? 

097 , 1 7 7  

058 . l o 9  

053 .1OC 

047 ,088 

041 ,072 

049 .091 

041 .07i  
044 .07€ 

036 .06c 

029 .051 
040 .071 

059 . l W  

046 .OS1 

'6.79; .0878 [11 [71  

8.49;  .0852 [11[61 

.d 
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Table I 1  (continued) 

COT- 
pound 

No. 

Temp. Density, d [g.~m-~I Surface tension, Y, [dyn.cm-'l and its Remarks 
domain 

d at 104xr: 10 xOq5 Literature Further' y at -b ag5 Literature data Further section 

and coefficient of thermal expansion, K [K-l] temperature dependence, b = ay/aT [dyn.cm-1 K'l] see 

data litera- litera- 3.3. 
4 

OC 2OoC 80°C K-' min. max. dZ0; K [ref.] ture 2OoC 80°C min. max. yZ3;  -t [ref.] ture 
I 1 ! 

32. 

33. 

34. 

35 .  

36. 

37. 

38. 
39. 
40. 
41. 
42. 

43. 

44. 
45. 

46. 
47. 
48. 
49. 

50. 
51. 
52. 
53. 
54. 
55. 

56 
57 
58 

59 
60 
61 
62 
63 

30.36 25.19 

30.98 25.95 

31.51 26.51 

31 .17 26.03 

31 .65 26.65 

20-70 

20-70 

30-70 

20-70 

20-70 

30-70 

20-60 
20-60 
20-60 
20-70 
20-70 

40-70 

45-70 
45-70 

20-50 
20-50 
20-60 
20-70 

,0861 .025 ,046 

,0839 .035 .065 

,0832 .033 .061 

,0856 .038 .07C 

,0832 ,036 ,061 

,8662 

.E648 

,8628 

,0173 

.9989 

,9850 

,7824 
.7823 
,7995 
.E239 
,8278 

,8319 

.E380 
,8400 

. l  3.5 

. o  3.4 

. 4  2.5 

, 1  

.7 4.4 

.1 3.7 

.8 1.3 

.9 1.6 

.9 1.6 

.7 3.0 

. 4  2.2 

. 1  1.9 

- 

,821 4 

,821 4 

,8204 

,9660 

.9496 

.9374 

.7208 

.7 324 

.7491 
,7789 
,7855 

,7904 

,7971 
.7995 

.r^F57; - I201 

.8648; - [221 

.863,1; - 1201 

3.71.0175; 9.!9[2: 

, 3 9 9 8 ;  a . : n [ z :  

.3841; 9 . . ? 0 [ 2 !  

,7243;;3.42[14 
,7?22;1%.85[14 
.7dBE;!3,YI[14 
,8240; - I [ 2 ?  

. 8 2 d ! ;  - [ 2 ?  

, 2 3 5 : ;  - [ Z i  

,3325; - [ 2 ?  

.73;2[61 

.7893[61 
,8077 ,7558 
,8205 ,7765 

32.01 27.27 

!9.29 21.77 
27.24 20.56 
!7.39 21.89 
29.82 25.24 
30.70 26.18 

31.37 26.88 

31.50 27.10 
31.60 27.22 

22.49 17.78 
22.32 17.39 
!3.37 18.23 
26.20 21.44 

,0800 ,043 .08C 

.1252 ,072 .12C 
,1114 ,067 .ll: 
,0916 ,046 .081 
,0763 ,053 .095 
,0758 ,053 ,095 

,0749 ,051 ,092 

,0738 - - 
,0730 .023 .04C 

.0786 .159 . 26 t  

,0823 ,095 .155 
,0856 ,042 ,072 
.0792 .070 ,121 

8.85 

8.59 

8.41 

8.63 

8.44 

8.26 

3.68 
3.04 
0.79 
9.35 
8.74 

8.50 

8.34 
8.24 

1.07 
9.15 

11.92 3.1 5.2:.:240;:?.75134: 
10.00 1.6 2.6 2.1564;  

9.33 3.1 4.4 2 . 4 9 5 8 ;  

8.56 5.6 9.4 2.8223;  - 1381 
8.24 .8 1.5 ? .253? ;  7.50041 

9.51 2.0 3.3 ,9933; - 1451 
8,65 1.3 2,o . 9 5 7 1 ;  7 . ~ 4 7 1  

7.85 .7 1.31.1893; - [481 
6.99 1 ,5 2.7 :.i913;6.73 041 

11.95 1.3 2.4;.2171;1%.25[5LR 
13.91 9.6 31.4 1.3255;13.98[57l58J[59lP71 

12.25 2.3 4.1 i.594!;12.i1[585a@ssjol' 
11,04 5.6 9.42.45s@;?~.59[5W571;[6fl 
8.33 3.9 6.1 ,7.;72;2; 9 , S 4 [ 5 7 1  

35 27.28 20.0 
9.99[36:37I3fl[39J 32.96 26.0 
3 . 1 5 0 6 : 3 k 9 1 P ~  35.80 28.6 

[411 39.57 - 
[3911421 42.70 36.0 
[46!* 75.00 27.9 

:421 36.04 - 
41.84 35.5 
41.04 35.5 

; a 4 1  37.36 27.3 
27.89 - 
26.92 19.5 5 1P 
39.74 30.8 

[58]* 50.88 - 

.1 1.5 

,1207 
.1160 
,1158 
,1020 
,1104 

!1 I* 

!01j21 

241 

221 

!2! 

31 1 
221[ 32 

.052 ,091 

.045 . O R  
,026 .04L 
.418 .66( 
,101 ,161 

20-60 
20-70 
20-70 
20-40 
20-70 
20-70 

20-40 
20-70 
20-70 

20-60 
20-35 
20-60 
20-70 
20-40 

1.0246 .9539 
1.1066 1.0419 
1.4959 1.4144 
1.8316 1.7548 
1.2026 1.1446 
,9939 ,9391 

,9559 
1.1917 1.1369 
1.1916 1.1426 

1.1 381 1,0594 
1.3264 - 
1.5938 1.4809 
2.4965 2.3365 
3.2992 - 

,1171 

,0974 

,1054 
,0912 

.1673 

.I309 

.I236 

.1478 

.0971 

,028 .04€ 3 c  7 6 .  .!204l11[461 
' , 7 i : 4 5 1  . i s 4 6  [ 4 5 1 )  

,051 .092 36.04; .1049[11[471 

,024 .041 
,080 ,135 42.95, .!935[11[491 

.lo7 .185 37.48; .i676[11[551 
- - 27.82; .1308 [1][581 
.096 .167 27.04; .1224[11 
,078 .139 3 9 . 7 9 ;  .!473 [11[581 
.242 .383 66.95, .i6?3[11[641 

L".Y [651 

13.63 I221 
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Cm- Temp. Density, d [ g . ~ m - ~ l  
pound domain and coefficient of thermal expansion, K [K-l] 

d at 104xr 104xAg5 Literature Further' 
data 1 i tera- 

No. OC 20°C 8OoC K-l min. max. dZ0; K [ref.] ture 

Table I 1  (continued) 

Remarks 
temperature dependence, b ay/aT [dyn.cm-l K-l] see 

y at - b  Ag5 Literature data Further section 
litera- 3.3. 

1 Surface tension, y, [dyn.cm- 1 and its 

20°C 8OoC min. max. y Y g ;  -U lref.1 ture 

.0889 

.1150 
,1037 
.lo01 

,0995 

,0984 
.0951 
.0947 

.0914 

.0928 
,0910 
.0888 

.0870 

64 
65 
66 
67 

68 

69 
70 
71 
72 
73 
74 
75 
76 

77 
78 
79 
80 
81 
82 
83 

.057 .lo2 

.021 .037 

.035 .062 

.029 .052 

.059 .lo5 

.052 . O Y 2  

.042 ,082 
,092 .160 

.065 .115 

.lo4 .185 

.lo0 .174 

.040 ,070 

.087 .151 

20-70 
20-60 
20-70 
20-70 

20-70 

20-80 

40-80 
60-80 
80 
20-80 
60-80 
60-GO 
70-80 

I .  IlZ6[6@1.0716[66 
.e691 .e092 
.9439 ,8848 
.9867 ,9305 

1.0121 ,9571 

1,1273 1.0794 
- 1.0799 
- 1.0813 

- 1.0817 
1 .lo71 1.0599 

- 1.0608 
- 1.0634 
- 1.0646 

6.26 
1.90 1.9 3.1 .8689; - 69 
0.78 .5 $ 8  .946; 10.1 @q 
9.77 .5 .7 .9859; 9.5 

9.30 .4 .6 1.0119; 9 . 1  @q 

7.23 2.0 
7.34 - 2.0 
7.35 - 2.0 
7.37 - 2.0 
7.25 - 2.0 

7.33 - 2.0 

7.29 - 2.0 

7.20 - 2.0 

48.49 43.16 

24.61 17.71 
29.36 23.13 
32.22 26.21 

34.16 28.19 

45.76 39.86 
- 39.51 
- 39.41 

- 39.3E 
42.23 36.67 

- 37.66 

- 38.39 
- 38.72 

1701* 

[711* 

[721* 

:751* 
:77]* 

8.43; .a890 [11[67 

1.89; ,1017 [721 

e 
7.75 .7 1.1 
11-15 2.0 3.6 
10.70 1.3 2.0 
11.38 3.7 5.5 

V ( d )  = (dd/d w,)2V( w )  + (ad/awpy)*v( w) + 
w / a  V,)W Vpy) + (ad/a  TI2V( r )  = (fi/ V,)PV( w )  + 
[(w,, - wpy)/ v,~]W(V,) + K ~ V ( T )  3 X lod (g ~ m - 7 ~  

(2) 

for measurements up to 80 OC, giving for the confidence limit 
of a single measurement at the 95% confidence level AO5 = 
f3 X lo4 g cm4. An analogous estimation gives A, = f6 
X l o4  g cm4 for measurements between 80 and 200 OC. 

The density was determined at more or less equMistant 
temperatures (ca. every 10 OC). In case the experimental 
temperature range was less than 60 K (In general 20-70 OC), 
eq 3 was fltted on the experimental points by the method of 
least squares: 

(3) 
where is a standard temperature and Kr Is the mean coef- 
ficient of thermal expansion in the experimental domain. For 
each regression the standard temperature was the average of 
the experimental temperature domain. At this temperature the 
confidence lknit is the smallest, and it is the largest at the iowest 
and upper temperatures of the experimental range. For the 
determinations in a larger domain, it was necessary to put 

(4) 

by choosing Tt = 273.16 K. Consequently eq 5 was fitted on 
the experimental points 

In dr = In dt - ~t ( T -  ~ t )  - ((u/2) (P - P) (5) 

in dr = in dt - Kr( T -  F) 

K y =  Kt + a ( T -  v )  

2.1332; 7.43[73 [661 57.46 52.39 .0845 ,043 .076 57.45; .C642[11[221 
1.0339;11.33[74] 33.26 25.27 .1331 ,063 ,112 33.45; .1391[11[671 
.9835;10.72[7@ [77Jf7W 37.24 29.03 .1369 .081 .144 37.21; .1306[11[791 
,8884; - @Q [811;[5@ 27.31 19.73 .1262 .154 ,258 28.0; - [651 

20-70 
20-70 
20-70 
20-50 
20-70 
20-70 
20-60 

1.1338 1.0823 
1,0343 .9674 
,9837 ,9225 
.8884 - 
.9452 ,8926 

1.0620 1.0051 
1 .lo05 1.0414 

35.05 27.79 
35.86 29.14 
43.72 37.25 

The confidence limit is a quadratic function of the temperature, 
being largest at the limits and in the middle of the temperature 
range. 

2.2. Surface T e d "  The surface tension was measured 
with the capillary rise method by using nheptane as secondary 
standard. Capillaries of 0.27 f 0.02 mm i.d. were drawn from 
precision Pyrex tubes (i.d., 3.0 mm; o.d., 7.0 mm) with a 
drawing machine from Hupe and Busch (Karisruhe, Germany). 
The capillary was cut to pieces of 1 m, and the inner diameter 
determined by measuring the length of the column of a known 
amount of mercury. Pieces the inner diameter of which devi- 
ated more than l % from the average were discarded. The 
accepted capillaries were now cut to pieces of 1 0 . k m  length 
and digested in nitric acid (65 %) for 48 h at room temperature, 
then washed with distilled water, digested in water for 1 h, and 
finally dried at 70 OC in a nitrogen flow. The ready-to-use 
capillaries were stored in sealed ampules in an argon atmo- 
sphere. All liquids examined gave a contact angle B = 0' on 
these capillary surfaces. 

The capillary rise was measured as described in ref 4. The 
height of capillary rise, h,, was determined In a nitrogen at- 
mosphere on a set of three capillaries placed circularly in a 
cylindrical closed vessel, made from precision glass in order to 
avoid parallax effects. The heights were measured with a 
cathetometer from Pindler and Hoyer (Wttingen, Germany) in 
sodium light. The height used to calculate the surface tension 
was the average of the three determinations. 

A sample of nheptane was carefully purified until impurities 
were not detectable by gas chromatography. The surface 
tension of this sample was measured at regular intervals in 

.1210 .061 .lo8 35.32; .I243[11[821 

.1120 ,043 .085 35.98; .1137[11[841 
,1078 ,080 .141 43.54; .1145[11[861 

:831* e 
e 
e 
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Table I 1 1  Dens i t y  and su r face  tens ion  o f  substances between 20°C and 200°C 

For a d e t a i l e d  d i scuss ion  see s e c t i o n  3. Symbols and u n i t s  as i n  Table I 1  

.BO92 .7701 .7314 .6930 
8.07 8 . 4 3  8 .75  9 . 1 5  

:e137 .7730 ,7326 .6920 
8 .34  8 .75  9.15 9 .56  

- .7883 .7511 .7142 
7.88 8 .22  8.57 

- .7961 .7591 ,7231 
7.85 8 . 0 2  8 . 2 0  

- .BOO6 .7651 ,7305 
7.48 7.64 7 .80  

.e365 .EO02 .7639 .7278 
7.23 7.56 7.50 8 .23  

.e383 ,8021 .7660 .7302 
7.21 7.52 7.84 8.15 

- .BO47 ,7685 .7328 
7.54 7.80 8.07 

- ,8058 .7700 .7349 
7 .46  7 .67  7 .88  

- .BO71 .7716 .7374 
7.45 7 .52  7 .55  

Densi ty ,  d, [g.cn-31 I Surface tens ion ,  y ,  [dyn.cm- l l  and i t s  I For  c o e f f i c i e n t  o f  t h e m 1  expansion see s e c t i o n  3 temperature dependence, b = ay/aT[dyn-cm-l K' l :  

7.95 

8.21 

7.41 

7.62 

7.27 

7.12 

7.10 

7.78 

7.18 

7.35 

No. CanDound 

,0721 

.0728 

,0689 

.0633 

.0618 

.0665 

.0653 

.0631 

,06095 

.0595 

domain Y d l i n i t a l i c s i  a t  <+,1 o4  ax^ o7 1 0 ~ ~ ~ ~ ~  Y a t  1 OC 1 20°C 80°C 14OoC 200°C 1 Kml K-' / m i n . m x ]  20°C 80°C 14OoC 200°C 

.054 ,102 

.051 .097 

,059 ,110 

,078 ,143 

,097 ,177 

.058 ,109 

,053 ,100 

.047 .088 

.041 ,078 

,049 .091 

Polv(ethy1ene g l y c o l s )  

.a904 

.0951 

.0947 

.0914 

.0928 

.0910 

.0888 

.De70 

69. PEG-600 

70. PEG-1000 

71. PEG-2000 

72. PEG-ZOO00 

73. PEG-M-600 

74. PEG-M-1000 

75. PEG-tl-2000 

76. PEG-M-20000 

.052 .092 

.042 .082 

.092 ,160 

.065 .115 

. l o 4  .185 

,100 .174 

.040 ,070 

.087 ,151 

20-200 

20-200 

50-200 

70-200 

80-200 

20-200 

20-200 

40-200 

50-200 

60-200 

1.1273 1.0794 1.0311 - 
7 . 0 3  7 .43  7 .82  

20-150 

40-1 50 

60-150 

80-1 50 

20-1 50 

60-1 50 

60-1 50 

70-1 50 

6.90 

- 1.0799 1.0319 - 
7 .44  7 .74  

- 1.0813 1 .0331 - 
7 .41  7.78 

- 1.0817 1.0330 - 
7.37 7.68 

7.04 

6.92 

6.96 

I . l o71  1.0599 1.0128 - 
7.09 7 .41  7.74 

- 1.0608 1 . 0 1 1  - 
7.39 7.73 

- 1.0634 1.0169 - 
7.33 7.58 

6.98 

6.93 

7.03 

- 1.0646 1.0183 - I 6.76 
7.23 7.58 

capkries of known diameter. The observed deviation from the 
value recommended by Jasper ( 7) was always less than 0.03 
dyn cm-'. This sample was used as a secondary standard. 

The capillary rise is given by eq 6, where hL is the height of 

hL = 27, cos 6L,s/gr,dL (6) 

the capillary rke (cm) of the Lth liquid, g is the acceleration due 
to gravity (cm s-~), yL is the surface tension of the liquid (dyn 
cm-'), dVs is the contact angle of the liquid on the solid, tj is 
the radius of the /th caplllary (cm), and dL is the density of the 
liquid (g cm-'). For liquids with dLlS = Oo, eq 7 simplifies to 

(7) 

where k, = gq/2 is the constant for the /th capillary. 
Wtth the aid of the standard n-heptane (0 = 0), a capillary 

constant was determined for each capillary before the mea- 
surement: 

hL,j = 27dgrflL = YL/W 

kJ = ?Imp/ hhep.flhep (8) 

It is important to note that, for the determination of the 
surface tension of nonvolatile substances with surface tension 
higher than -30 dyn cm-', new capillaries had to be used for 

5.98 

6.73 

5.82 

2.88 

2.64 

5.55 

5.26 

4.44 

3.51 

1.21 

6.60 

5.01 

6.14 

5.17 

5.43 

5.70 

4.12 

5.88 

2.3 4.0 

3.7 7.2 

3.4 6.4 

3.3 6.5 

3.2 6.9 

2.7 7.4 

2.1 5.0 

3.3 6.0 

2 . 2  3.1 

2.9 5.1 

3.9 3.0 

5.4 8.2 

3.4 6 . t  

3.6 5.5 

2 . 5  4.8 

2.7 5.6 

3.7 6.9 

3.3 6.8 

28.18 23.85 19.53 15.20 

28.40 24.04 19.67 15.30 

- 26.36 22.32 18.10 

- 27.27 23.47 19.67 

- 27.87 24.16 20.46 

30.96 26.97 22.98 18.99 

31.24 27.32 23.40 19.48 

31.41 27.62 2 3 . m  20.04 

- 28.03 24.38 20.72 

- 28.46 24.88 21.31 

45.76 39.86 33.95 - 

- 39.51 33.81 - 

- 39.41 33.72 - 

- 39.35 33.87 - 
42.23 36.67 31.10 - 

- 37.66 32.20 - 
- 38.39 33.07 - 

- 38.73 33.51 - 

each measurement and that in such cases the calibration had 
to be made after the measurement. 

The variance of the capillary constant kl is 

By substkiting approximate values (hM = 4.4. cm; dM * 0.67 
g cm3; yhsp = 19.2 erg cm-2; V(yhsp) = 9 X lo4 (erg cm-q2; 
V(hm) = 9 X 10" cm2; V(dm) * lo-' (g ~m-')~), we get 
V(kl) = (1.03 + 0.20 4- 0.01) X lo-' = 

1.24 X lo-' (cm2 s - ~ ) ~  

for the confidence limit 

Ass(&,) = fO.022 cm2 s - ~  
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The surface tensions of liquids with 8 = 0’ can now be 
determined if their densities are known as 

Surface tensions were measured in general at equidistant 
temperature intervals (every 10 “C). On the experimental 
points a linear equation was fitted: 

T+ is the average of the lowest and highest temperatures of the 
experimental range. Deviation from linearity was not observed, 
even in cases when the surface tension was determined up to 
200 o c .  

The variance of a single determination can be estimated with 
eq 12 to be V(yL) = 0.0025 (dyn cm-‘)2 giving for the confi- 

dence limit of a single determination A&J = 0.12 dyn cm-’. 
The confidence limit of the regression equation (eq 11) is a 
quadratic function with maximum values at the limits of the 
experimental temperature range. 

3. Results 

3. 7 .  Table I I .  In the second column the experimental 
temperature range is given. I t  is the same for the density 
determinations as well as for those of the surface tension in 
almost every case. 

Data concerning density are listed in the following order: 
density at 20 and 80 OC, mean coefficient of thermal expansion 
in the experimental temperature range, minimum and maximum 
of the confidence limit of the regression (95 % Confidence level) 
for interpolated data, and finally data from the literature. The 
confidence limit is calculated from the scatter around the re- 
gression; it includes also the error from calibration. Literature 
data cited are those which most closely confirm our results. 
Under the heading “further literature” two kinds of references 
are given: the first kind also conflrms our data; the second kind, 
marked by an asterisk, describes results of careful determina- 
tions on (presumably) impure samples. 

Data concerning surface tension are listed in the following 
order: surface tension at 20 and 80 OC, temperature depen- 
dence of the surface tension (coefficient b in eq 1 l), and lit- 
erature data. Our data are always confronted with the 
“recommanded values” of Jasper ( 7 )  together with the original 
work that Jasper refers to; further references are given, as for 
the density. 

3.2. Table IIZ. The densities and surface tensions of the 
high molecular weight hydrocarbons of the series A i  and A2 
(15-24) and those of the poly(ethy1ene glycols) of the series 
PEG and PEGM (69-76) were measured in a wider temperature 
range. The coefficient of thermal expansion is given as a linear 
function of the temperature (eq 4 and 5). In the second column 
of the table the densities and the coefficients of thermal ex- 
pansion are given at 20, 80, 140, and 200 OC. In the third 
column the coefficients of thermal expansion at 0 OC and their 
temperature dependence, a, are given. Otherwise, the or- 
ganization of the table is similar to that of Table 11. 

3.3. Remarks ( Tables II and II I ) .  The surface tensions 
of the following substances have shown significant differences 
from those recommended by Jasper (1): dodecane (3), cis- 
decalin (28), transdecalin (29), 1-chlorohexadecane (33), 
chlorobenzene (51), iodobenzene (53), methylene iodide (63), 
1,4dioxane (78), nitrobenzene (54), anisol (55), l-chloro- 
naphthalene (58), cyclohexanone @I), dimethyl adipate (82), 
and dimethyl sulfoxide (83). All deviating data have been con- 
trolled, and we believe that our results are superior. The big 
difference observed in the case of methylene iodide (63) is 

probably due to the different method of determination (maximum 
bubble pressure ( 7 ,  22)). (a) The densities of these compounds 
were not measured by us. For the determination of the surface 
tension, densities from the references indicated were used. The 
coefficient of the thermal expansion is not given because, even 
in the narrow temperature range, it is a function of the tem- 
perature. (b) The confidence limit of the density in this tem- 
perature range is a rough estimate. For exact data, see Table 
111. (c) Density at 20 OC: extrapolated value for a hypothetical 
undercooled liquid. (d) The surface tensions are signiflcantly 
different from those proposed by Jasper ( 7 )  in the entire tem- 
perature domain. (e) The surface tension deviates in a part of 
the temperature range from the values proposed by Jasper ( 7) 
(the coefficient b is significantly different). (f) Above 40 OC the 
N,Ndimethylaniline and the diiodomethane decomposed during 
the measurements. 
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Some Methyl 2,5- and 5,6-Mhalonicotinates 
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The preparallon of the methyl esters of elght 
dlhdonlcotbdc acids I8 dewbed. The esters were 
qnthoskd either by the mothandydr ol their rHpectlve 
acM chbrkkt or by treatment of the approprlate acld wlth 
d l a z d h a n e  In ether. Expwbnental and spectral data 
for the methyl dlhelonicottnatcn are pre8ented. 

We have previously reported the synthesis of a series of 2,5 
and 5,6dlhalonicotinic acids of potential medicinal interest 
( 7-5). As an extension of that work, we now wish to report 
the preparation and characterization of the methyl esters (I- 
VIII) of eight of the aforementioned acids. "aR2 R 1  

R1 RZ R3 

I 

11 

I 1 1  

I V  

V 

V I  

V I 1  

V I 1 1  

c 1  Br CO2CH3 

c1 F CO2CH3 

c 1  C 0 2 C H 3  Br 

c1 C 0 2 C H 3  c 1  

Br c 1  CO2CH3 

Br Br CO2CH3 

Br C 0 2 C H 3  Br 

c 1  CO2CH3 I 

We found that two standard esterification procedures couid 
be employed. Conversion of the acid to the acid chloride fol- 
lowed by rapid treatment of the latter with methanol proved to 
be a successful procedure in those instances attempted. Al- 
ternatively, direct methylation of the acid with dlazomethane in 
ether was employed in some cases. As indicated in Table I 
several of the esters were prepared by both methods. 

Elemental analyses (C, H, N) for the methyl dihalonicotinates 
in agreement with theoretical values were obtained and sub- 
mitted for review as supplementary material. (See paragraph 
at end of text regarding supplementary material.) Experimental 
and physical data for the esters reported herein are presented 
in Table I. 

Experhentat Section 

Elemental analyses were performed by Gaibraith Laborator- 
ies, Knoxville, TN. Melting points were taken on a Mel-Temp 
apparatus and are uncorrected. Infrared spectra were obtained 
on a Perkin-Elmer 337 spectrophotometer with samples pre- 
pared as KBr disks. Proton nuclear magnetic resonance 
spectra were obtained in deuteriochloroform on a Jeolco (2-60 
HL instrument with tetramethyisilane as internal standard. 

AcM ChkrMe Method. TLplcel Procedure. A mixture of 
5-bromo-6-drbronicotinic acid ( 7) (1.2 g, 0.005 mol) and thionyi 
chloride (5 mL) was stirred magnetically under gentle reflux for 
1 h. The excess thlonyl chloride was then removed under 
reduced pressure (rotary evaporator) leaving the crude acid 
chloride as a heavy yellow oil. The oil was dissolved immedi- 
ately in dry benzene (10 mL), and anhydrous methanol (5 mL) 
was added. The resulting solution was heated under gentle 
reflux for 1 h. Evaporation of the volatile solvents afforded the 
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