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The first paper of this series (1) described a group of esters made by acylating 
various esters of a-hydroxy acids with alkyl chloroformates. Several of these 
compounds were of special interest because their low volatility and their com- 
patibility with various resins indicated that they might be useful as plasticizers. 
In a subsequent paper (2), which included some of the data presented in the 
present paper, additional carbonates of lactates were described, and their suit- 
ability as plasticizers for vinyl chloride polymers indicated. To facilitate a more 
systematic study of esters of this type, additional ones were prepared so that 
families of homologous compounds could be examined and various physical 
properties could be correlated with the number of carbon atoms in the com- 
pounds. Data on the use of these esters as plasticizers will be published elsewhere. 

The compounds in the present study (Table I) fall into three series of homo- 
logs: (a) n-alkyl carbonates of methyl lactate, (b) n-alkyl carbonates of n-butyl 
lactate, and (c) n-butyl carbonates of n-alkyl lactates. The third series consists 
of five members, of which the butyl carbonates of methyl and butyl lactate are 
common to the first and second series, respectively. The members of the second 
and third series are isomeric and differ only in that their alkyl radicals are inter- 
changed. As might be expected, the physical properties of the isomeric members 
of these two series are nearly identical. Since in most cases the differences are 
within or near the estimated experimental error, and all the relationships de- 
veloped for the physical constants of the second series fit the third series almost 
as well, the two series are treated herein as one family. 

Boiling points and vapor pressures. Figures 1 and 2 show the boiling points of 
the esters as a function of the pressure. The temperature scales are laid off as a 
linear function of l /( t  + 193), where t = "C. The usual form of the Cox chart, 
where the temperature scale is determined by l /( t  + 273) was unsatisfactory 
because the data fell on lines which were convex upward instead of straight. 
Charts whose scales were derived from l/(t  + 230) were better, but the curva- 
ture was still present. The scales determined by l/(t + 193) gave straight lines, 
and charts having this scale were conveniently prepared from commercial Cox 
chart paper having a scale l /( t  + 273) by adding 80" to each temperature desig- 
nated on the chart. The mathematical proof of this transformation will be pub- 
lished elsewhere (3). The boiling points of the butyl carbonates of alkyl lactates 
were generally within 1" of those of the isomeric alkyl carbonates of butyl lac- 
tate; hence, separate lines for them are not shown in Figure 2. 
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Straight lines were obtained by plotting the logarithm of the vapor pressure of 
either family of esters, a t  any fixed temperature, versus the number of carbon 

atoms in the compounds. These lines, equations for which are shown in Table 11, 
had a common point of intersection for each family. For the carbonatesof methyl 
lactate, this point was where Log P = 6.78 and x = -13.6; for the butyl lac- 
tate derivatives, it was where Log P = 6.3 and x = -12. Also, within each 
family, the slopes (a) of these lines varied with the temperature: 
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TABLE I1 
EQUATIONS RELATING VAPOR PRESSURE (P) AT VARIOUS TEMPERATURES TO THE NUMBER 

L o g P = a x + b  
OF CARBON ATOMS (x) IN n - A L m - L  CARBONATES OF METHYL AND BUTYL LACTATES 

100 
150 
200 
230 

l a  TEMP., "C. 

-0.270 
- ,214 
- ,181 
- .I54 

1 
~ DEVIATIONS," % 

b 
I Max. 1 Average 

CARBONATES O F  METHYL LACTATE 

3.240 j 
~ 3.697 , 

4.145 
4.480 ~ 

10 
7 
4 
5 

Deviations from the pressures read from Figures 1 and 2;  methyl carbonates are ex- 
cluded. A deviation of 501, corresponds to  a difference in boiling point of about 1". 

TABLE I11 
EQUATIONS RELATING BOILING POINTS (T = OK) AT VARIOUS PRESSURES TO THE NUMBER 

O F  CARBON ATOMS (X)  I N  n - A L K Y L  CARBONATES O F  b I E T H Y L  .4ND BUTYL LACTATES 
T* = a x + b 

PRESSURE, m. l a  DEVIATION@ 
b 

I I Max. 1 Average 

CARBONATES O F  METHYL LACTATE 

760 I 1.51 
100 1 1.15 
10 0.93 j .78 

13.36 4 
9.10 Y 

6.S7 2 
5.33  

7 

7 I I 

I 

2.0 
1 . 0  
1 . 1  

I . s  

I 

CARBOSATES OF BUTYL LACTATE 

760 1.54 
1 .15  

1 . i 5  
0 . 1  1 . G27 

10 

11.33 1 3 1 .6  
8.12 2 . I  

G.23 Y . 5  
4.95  2 1 . 1  
4 0' 1 .-I 

m 

> 

Deviations from boiling points read from Figures 1 and 2; methyl carbonates excluded. 

94 _ _ ~  
t + 193 

92 
t + 193 

For the methyl lactate series: a = 0.048 - 

For the butyl lactate series: a = 0.053 - 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
x + 5  

n D  

_- a = 0 . 6 8 ~  + 3.742., 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 _- -I- 
1 3  O 

= 0.6826~ + 3.7755.. 

By use of these equations for the slopes, and the common points given above, 
equations similar to those in Table I1 are readily calculated for any desired 
temperature. 

TABLE IV 
RELATIONSHIP OF REFRACTIVE INDEX AND DENSITY TO NUMBER OF CARBON ATOMS (x) IN 

n - A L n L  CARBONATES OF METHYL AND BUTYL LACTATES - 
DEVIATIONS~ X 1W 

Max. I Average 
EQUATIONS 

- 
CARBONATES OF METHYL LACTATE 

2.4 

2.4 

27 xf3 = 1 . 1 6 7 ~  + 0.819 
C 1 i 0  11 

-_ $- 
= 1 . 1 8 4 ~  + 0.880 . . . . . . . . . . . . . . . .  <I: O 

. . . . . .  . . . . . . . . .  22b 8 

CARBONATES OF BUTYL LACTATE 

-- -I- = 0 . 6 8 1 ~  + 4.537 . . . . . . . . . . . . . . . . .  n i 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  - 1 . 1 6 7 ~  - 0.069. x + 2  
d y  

-- -I- = 1.183x. 
d i O  

. . . . . . . . . . . .  
- 

a Difference between calculated and observed values of refractive index or density. 
Maximum deviation was shown by the hexyl carbonate. Methyl carbonates excluded. 

Octyl carbonate excluded; i ts  deviation was 122 and 123 a t  20" and 40°, respectively. 

Table I11 consists of a set of equations relating boiling points, at certain fixed 
pressures, to the number of carbon atoms in the esters. Within each family, these 
lines pass through a common point as follows: 

For the methyl lactate series: 10-4T2 = -2.3, x = -9 .7  
For the butyl lactate series: 10-4Ta = -1.0, x = -8.0 
The slopes (a) of the lines are related to the pressure by the following equations: 
For the methyl lactate series: Log P = -4.61/a + 5.93 
For the butyl lactate series: Log P = - 4.1 l /a  + 5.50 
These equations for the slope, together with the common points given above, 



570 C. E. REHBERG AND MARION B. DIXON 

20 
40 

enable one to derive equations, similar to those in Table 111, for boiling points 
at any desired pressure. 

Densities and refractive indices. These constants were determined at  20" and 
40°, and are recorded in Table I. Table IV shows empirical equations relating 
these constants to the number of carbon atoms in the compounds. 

The last two equations in Table IV, which relate the densities of the carbonates 
of butyl lactate to  the number of carbon atoms in the esters, yield calculated 
densities which show only small and random deviations from the observed values, 
with the exception of the octyl ester. The deviations of the calculated densities 
of this ester are 15 to 20 times the average deviations of the other esters; hence 
no weight was given this ester in the derivation of the equations. The reason for 
this large aberration is unknown. The ester was prepared twice, different lots of 
reagents being used. Each product was fractionally distilled until all determined 

0.062 1 0.242 ' 0 .25  
0.054 ~ 0.036 j 0 . 3 4  

TABLE V 

OF METHYL AND BUTYL LACTATES 
Log vt  = a x + b 

RELATION OF VISCOSITY (v = CPS.) TO NUMBER OF CARBON ATONS I N  n - A L K n  CARBONATES 

i b  DEVIATIONS, CPS? 

1 Max. 1 Average 
t, "C. 

CARBONATES OF BUTYL LACTATE 

20 1 0.055 ~ 0.176 1 0 .60  0.31 
40 i 0.049 1 -0.023 1 0 . 2 3  0 .12  

a Methyl carbonates excluded. 

physical properties were constant. The two products had virtually identical 
properties and analyses. The boiling points, refractive indices, and viscosities 
had about the expected values; only the densities showed large deviations. The 
hexyl carbonate of methyl lactate showed a similar but smaller aberration. 

Viscosities. Viscosities were determined at  20" and 40" (Table I). When plotted 
logarithmically versus the number of carbon atoms in the esters, straight lines 
were obtained, the equations of which are shown in Table V. 

Solubilities. Table I shows the solubilities of the esters in water at 25", deter- 
mined by the method of Fordyce and Meyer (4). When the two alkyl groups in 
the esters contained a total of more than seven carbon atoms, the solubility was 
less than 0.01% and was too small to measure. The solubility of the carbonates 
of methyl lactate followed the equation Log S = 3.81 -0.513~. The solubilities 
of the butyl lactate derivatives, when large enough to measure, were approxi- 
mately equal to those of the isomeric methyl lactate carbonates. 
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EXPERIMENTAL 

Materials. The chloroformates up to  the hexyl ester are commercially available. The 
higher ones were supplied by the U. S. Industrial Chemical Company. All were used as 
received. 

Commercial methyl and butyl lactates were used after a fractional distillation. The higher 
lactates were prepared by the alcoholysis of methyl lactate ( 5 ) .  The lactates were treated 
with the chloroformates in the presence of pyridine as described in the first paper of this 
series (1). 

Physical constants. Boiling points used in the construction of Figures 1 and 2 were de- 
termined by use of an improved tensimeter-still (6). 

Refractive indices were measured with an Abbe type refractometer. Densities were de- 
termined with a Sprengel type pycnometer holding about 10 cc. Viscosities were measured 
with modified Ostwald pipettes calibrated with standard oils furnished by the Bureau of 
Standards. The constant temperature bath used for all these measurements was set to  k0.1’ 
and controlled to  f0.02’ ( 7 ) .  

SUMMARY 

Three homologous series of esters, comprising twenty compounds, were pre- 
pared: (a) n-alkyl carbonates of methyl lactate, (b) n-alkyl carbonates of butyl 
lactate, and (c) butyl carbonates of n-alkyl lactates. The two latter series differ 
only in that their alkyl groups are interchanged, and their isomeric members 
have almost identical physical properties. 

Equations were developed which relate vapor pressures, boiling points, refrac- 
tive indices, densities, viscosities, and solubilities to the number of carbon atoms 
in the members of each series of esters. 
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