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LX I ~I.-Enccntiomorphisna. 

By FREDERIC STANLEY KIPPING and WILLIAM JACKSON POPE. 
ENANTIOMORPHOUS substances are naturally divisible into two classes : 
(a)  consisting of those compounds in which the enantiomorphism is 
determined by the structure of the chemical molecule, and ( b )  con- 
sisting of those crystalline substances of which the enantiomorphism 
is not inherent in the molecules, but is determined solely by their 
arrangement. 
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KIPPINQ AND POPE : ENANTIOMORPHISM. 607 

The first class (a)  consists of all compounds containing what is 
usually called an  asymmetric carbon atom, Such substances not only 
condition circular polarisation in the amorphous or liquid state, this 
being one mode of expression of the enantiomorphism, but as we have 
previously shown (“ Racemism and Pseudoracemism,” Trans., 1899, ’71, 
989), they can only crystallise i n  one or other of the enantiomorphous 
crystalline systems ; the latter form is merely a more precise statement 
of Pasteur’s law, the t ru th  of which has been questioned by Walden 
(Ber., 1896, 29, 1692), but which, as  we pointed out, stands or falls 
with the present theory of crystal structure. Furthermore, it can be 
shown that, in  the crystallisation of a substance consisting of enantio- 
morphous chemical molecules, the resulting crystalline structure can 
only be of the  one hand ; t ha t  is to say, the crystals of a substance 
which is dextrorotatory in the  amorphous state must be either right- 
or left-handedly enantiomorphous, but cannot be partly the one and 
partly the other. 

To the second class ( b )  of enantiomorphous substances, namely, 
those in which the enantiomorphism is purely one of arrangement of 
the chemical molecules in the crystalline structure, belong compounds 
such as the cubic tetartohedral sodium chlorate and quartz;  such 
substances, of course, are not optically active in the amorphous or 
liquid state, but they crystallise in  enantiomorphous systems, and 
their crystals sometimes rotate the  plane of polarisation, this being 
again one mode of expression of the enantiomorphism. 

Now the  crystallisation of a substance such as  sodium chlorate, 
which does not consist of enantiomorphous molecules, is obviously a 
different process from tha t  of the crystallisation of an  optically active 
substance ; whereas the  latter must invariably give crystals which 
are either right- or left-handedly enantiomorphous, there is no & p i o i * i  
reason why the former should give crystals of the one hand i n  prefer- 
ence to  those of the other. The average product of a large number 
of crystallisations of sodium chlorate from water should consist of 
50 per cent. of crystals of each hand, because there is operative an 
equal tendency to deposit dextro- and lsevo-sodium chlorates. The only 
quantitative data bearing on this point with which we are acquainted 
are those obtained by Landolt (Rev., 1896, 29, 2404), who has deter- 
mined the specific rotation of the crystalline powder of sodium chlorate, 
deposited from a pure aqueous solution, by examining it polarimetri- 
cally whilst suspended in a liquid of approximately the same refractive 
index ; Landolt showed that, taken collectively, the sodium chlorate 
crystals were inactive, although each individual was either right- or 
left-handed. Gernez (Compt. rend., 1868, 66, 833) also states that  on 
crystallising an aqueous solution of sodium chlorate, i t  yields 4‘  dea 
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608 KIPPING AND POPE : ENANTIOMORPHISM. 

poids B peu prhs Qgaux de cristaux des deux esphces ” ; no statistics of 
weight or number of crystals, however, arc given. 

The question of the proportion in which enantiomorphously related 
crystals are deposited in the case of such substances is one of prime 
importance for various reasons : firstly, because observations with 
which we deal below are on record to  the effect tha t  the proportion is 
not tha t  of unity ; and, secondly, because i t  is necessary for our present 
purpose that the proportion should be accurately determined, since 
we show in  this paper tha t  the proportion can be varied by bringing 
t o  bear a suitable enantiomorphous or dirsctive influence during crys- 
tallisation. We have, therefore, examined the crystals of sodium 
chlorate deposited from pure aqueous solutions in order to  determine 
whether the ratio of dextro- to Ievo-sodium cblorate is tha t  of unity ; 
since, however, Landolt’s method was not applicable to the  develop- 
ment of the work on the lines me proposed, we had to adopt a some- 
what different mode of procedure. Instead of showing, as Landolt 
did, t ha t  the  weights of the two enantiomorphously related forms of 
sodium chlorate deposited are equal, we show tha t  the crystals of each 
kind deposited are, on the average, the same in number. 

About] 200 C.C. of a saturated 
aqueous solution of sodium chlorate was put into a shallow glass crys- 
tallising dish of about 6 inches in diameter, and allowed to evaporate 
spontaneously ; great care was taken to avoid fluctuations of tempera- 
tu re  which caused the  deposition of small crystals unsuitable for 
subsequent examination, and to prevent dust from getting into the 
solution, as this seemed to  cause the crystals to be deposited in aggre- 
gates. I n  properly conducted experiments, each crystal developed 
apart  from its fellows as a right-angled prism; when the  crop of 
crystals had grown until most were some 5 mm. or so in one direction, 
all were removed from the liquid, the faulty ones rejected without 
further examination, and the sign of the circular polarisation of each 
remaining crystal determined by examination in a polarising microscope 
under a 1-inch objective. This was done simply by rotating the analyser 
and noting in which direction extinction occurred ; if  the analyser had 
t o  be rotated t o  the right t o  give extinction, the cryst,al under examin- 
ation was dextrorotatory, and vice V ~ I V & .  All the  crystals deposited 
from the  solution, with the  exception of a t  most 2 or 3 per cent., 
which were found unsuitable owing to  opacity or aggregation, were 
thus examined; and, i n  order t o  eliminate personal bias, we have 
included in our tables every observation of circular polarisation which 
was made, no crystal being rejected after its sign was known ; this is 
a very necessary precaution, because we are concerned with an  average 
result. 

The method used was as follows. 
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K IPPING AND POPE : ENANTIOMORPHISM. 609 

The results of forty-six separate crystallisations, all we have made, 
art! stated in Table I ;  it; will be seen that in only two cases, namely, 

TABLE I.- Deposition of Sod ium Cldorate fyorn a Pure Aqueous 
Solution. 

1 

Nulllber. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

a 

2 
Dextro- 
crystals. 

d. 

32 
38 
64 
23 
39 
19 
42 
24 
35 
20 
28 
14 
39 

7 
14 
37 
29 
48 
29 
42 
37 
24 
61 
27 
51 
42 
28 
37 
24 
15 
25 
37 
36 
65 
27 
49 
4 1  
30 
47 
31  
31 
39 
41 
24 
47 
32 

3 
Lxvo- 

crystals. 
1. 

37 
31 
69 
15 
47 
15 
35 
68 
45 
33 
21  
12 
15 
22 
28 
49 
12 
32 
33 
40 
42 
38 
44 
20 
58 
42 
17 
40 
30 
11 
21  
37 
31 
61 
22 
44 
49 
34 
55 
39 
37 
26 
12  
16 
42 
36 

4 
Total. 
d f l .  

69 
69 

133 
38 
86 
34 
i 7  
92 
80 
53 
49 
26 
54 
29 
42 
86 
41 
80 
62 
82 
79 
62 

105 
4 7  

109 
84 
45 
i 7  
54 
26 
46 
74 
67 

126 
49 
93 
90 
64 

105 
70 
68 
65 
53 
40 
89 
68 

5 
Percent age 
of doxtro- 
crystals. 

46.38 
55.07 
48.12 
60.53 
45.35 
55.88 
54-55 
26.09 
43 -75 
37'74 
57.14 
53.85 
72.22 
24'14 
33.33 
43.02 
i0.73 
60.00 
46.77 
51-22 
46.84 
38.71 
58.10 
57'45 
48.79 
50'00 
62-22 
48'05 
44'44 
57.69 
54.35 
50'00 
53.73 
51 *58 
55-10 
52.69 
45-56 
46.88 
44.76 
44'29 
45.59 
60.00 
77.36 
60 -00 
52.81 
47'06 

6 
Percentage 

of l svo -  
crystals. 

53.62 
44.93 

39'47 
54.65 
44.12 
45'45 
73.91 
56-25 
62'26 
42-86 
46-15 
27.78 
i5.86 
66.67 
56 '98 
29.27 
40'00 
53.23 
48.78 
53.16 
61 '29 
41-90 
42.55 
53.21 
50.00 
37.78 
51-95 
55-56 
42.31 
45-65 
50.00 
46.27 
48#41 
44'90 
47'31 
54.44 
53-12 
55.24 
55.71 
54-41 
40.00 
22.64 
40.00 
47'19 
52.94 

51-88 

Ud= 50.83, W ,  z 50'08. Jfd =50*08+,0'11. 
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610 KIPPING AND POPE : ENANTIOMOBPHISM, 

those of experiments numbered 26 and 32 respectively, were equal 
numbers of dextro- and Iaevo-ro tatory crystals deposited, whilst in all 
other cases either more or less than 50 per cent. of the crystals 
obtained were dextro-rotatory. The experiments are numbered in the 
order in which they were performed, and in order further to eliminate 
personal bias, no calculations whatever were made until we considered 
that a sufficient number of experiments had been completcd to ensure 
a n  accurate average; in  fact, as little attention as possible was paid t o  
the laboratory lists of data until the observations were concluded. 

The method by which the means are calculated needs some com- 
ment. If d and I be the numbers of dextro- and lzevo-rotatory crystals 
respectively deposited from any solution, the crop consists of 
100d/(d+Z) per cent. of dextro-, and 100Z/(d+Z) per cent, of laevo- 
rotatory individuals; these values are stated in  columns 5 and 6 of 
Table I. An experiment, however, in  which only 10 crystals are 
obtained is of less weight than one in  which 100 crystals are obtained, 
the weight of an experiment being directly proportional to (d+I) .  

100 Consequently the mean value, U d =  where n is the 

number of experiments cencerned, is only the unweighted mean per- 
centage of dextro-crystals deposited. The weighted mean percentage 

of dextro-crystals is obviously Wd = ___ 1008d * the importance of the  

distinctiorr thus introduced is evident from the fact that  in this series 
of experiments U d  = 50.83 whilst IVd = 50.08. Tha weighted mean 
percentage of dextro-crystals is much more nearly 50 than is the 
unweighted mean. 

Although the numbers given in Table I yield a weighted average 
result differing by only 0-08 per cent. from what was expected from 
theory, it is still necessary to calculate the probable mean squared 
error of the mean. Let the difference between the weighted 
mean and one individual percentage of dextro-rotatory crystals be 

8 ( d  + I )  ' 

1 OOd A = - - IPd, then since each observation has the weight (d+ 1)  the 
d+E 

probable error of the weighted mean is 
/ ~ ( ( d + l ) h 2 J  =0.11, 

J{qZ 1) - 1}Z(d + 1) 
T = 0.6745 

and the final value Md for the weighted mean percentage of dsxtro- 
rotatory crystals is Jl, = 50.08 +, 0.1 1, and lies between 49.97 and 
50.19. 

W e  conclude, therefore, tha t  on allowing sodium chlorate to crystal- 
lise spontaneously from pure aqueous solutions, on the  average, equal 
numbers of the enantiomorphously related crystals are deposited. 

This result is, as we have pointed out, indicated by theory and there- 
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KIPPlNG AND POPE : ENANTIOMORPHISM. 611 

fore supports the  theory. B u t  several substances which a re  not 
optically active in  the amorphous s ta te  have been described by 
certain authors as separating from solution in  unequal numbers of two 
enantiomorphously related crystalline forms. Thus Eakles (Zeit. 
I i rp t . ,  1896, 26, 562) states tha t  on crystallising sodium periodate 
froin aqueous solutions containing sodium nitrate, more lsvo- than  
dex tro-rotatory crystals a re  deposited. Further, Wyrouboff (BUZZ. SOC. 
aain. fimzp., 1896, 19, 219) ’ states tha t  he has only obtained dextro- 
rotatory crystals of potassium silicotungstate, K,SiW,20,0,18H,0. 
Sodium periodate and potassium silicotungstate are, however, com- 
pletely analogous t o  sodium chlorate in tha t  their enantiomorphism is  
one of molecular, not of atomic, arrangement, and in face of the  results 
now brought forward the above statements by Eakles and Wyrouboff 
can hardly be accepted as  conclusive until quantitative evidence is  
forthcoming; further, on examining Table I it mill be seen tha t  solu- 
tions of sodium chlorate sometimes yield four or five consecutive crops 
of crystals in which one enantiomorphous form predominates, bu t  yet, 
on the  average, equal numbers of crystals of each hand are  obtained. 
Some phenomenon such as this may have led to  the results obtained by 
NakIes and by Wyrouboff. 

A solution of an optically inactive substance, such as sodium chlorate, 
which crystallises in  a n  enantiomorphous system deposits on the aver- 
age equal numbers of crystals of the  enantiomorphously related kinds, 
because no directive influence is brought to  bear which tends t o  caiise 
selective deposition of one or other enantiomorph. The conditions 
might, however, be quite different i f  in t h e  crystallising sodium 
chlorate solution there were dissolved a n  enantiomorphous substance 
containing a n  asymmetric carbon atom such as  dextroglucose ; it could 
not be stated on ii p i o r i  grounds t h a t  there would be the same 
tendency for dextro- as for hvo-sodium chlorate to  crystallise from a 
solution containing dextroglucose, and dextro- and laevo-sodiumchlorates 
might have different solubilities in  a dextroglucose solution. Although 
as an  abstract principle the  above statement appears sound, yet no 
opinion can be formed as t o  how great the directive tendency of the  
dissolved optically active substance would be, and it might well be 
so slight as  to be practically inappreciable. No experiments bearing 
on tbis question a re  on record, and me have therefore examined 
the  way in  which several carbohydrates containing asymmetric 
carbon atoms affect the  crystallisation of sodium chlorate, the  result 
being t h a t  positive evidence of a n  influence exerted by the  optically 
active substance in  solution has been obtained. 
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612 KIPPING AND POPE : ENANTIOMORPHISM. 

Deposition of Sodium Chlorate horn a Dextrose Solution. 

A quantity of a nearly saturatedaqueous solution of sodiumchlorate was 
gently warmed with dextroglucose until the latter was wholly dissolved; 
the colourless solution which then contained 200 grams of dextrose per 
litre was filtered and placed in crystallising dishes of about 6 in. 
diameter. The liquid thusobtained showed no evidenceof chemicalchange 

TABLE II.-Cqstds of Sodium Chlorccte deposited from a Solution 
containing 200 grams of Dextrose p e r  Litve. 

Number. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14  
1 5  
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 

D ex tro- 

d. 
crystals. 

_______ 

32 
47 
44 
24 
37 
19 
39 
42 
28 
31 
29 
36 
17 
4'2 

9 
25 
39 
21 
26 
30 
37 
23 
40 
40 
1 5  

Lacvo- 
crystals. 

1. 
_____ 

71 
89 

107 
51 
70 
27 
91 
46 
64 
66 
79 

1 0 4  
38 
96 
21 
63 
84 
43 
61 
79 
65 
52 
76 

113 
24 

Total . 
d+Z. 

103 
136 
151 

75 
107 

46 
130 

92 
97 

108 
140 
55 

138 
30 
88 

123 
64 
87 

109 
102 

74 
116 
162 

39 

as 

Percentage 
of dextro. 
crystals. 

31.07 
3 4 5 6  
29'14 
32'00 
34.58 
41.30 
30.00 
47'73 
30.43 
31'96 
26 a5 
25.71 
30.91 
30.43 
30.00 
88'41 
31.71 
32-81 
29'89 
2 7 5 2  
36'27 
31'08 
34'48 
30.25 
38'46 

- .____ - 

Percentage 
of laevo- 
crystals. 

68'93 
65.44 
70.86 
68 '00 
65'42 
58.70 
70.00 
52.27 
69.57 
68'04 
73.15 
74.29 
69'09 
69.57 
70.00 
71.59 
68'29 
67'19 
70.21 
72'48 
63'73 
G8 *92 
65'52 
69-75 
61 *54 

U, = 32.30. prd = 31 *75. 

having occurred, and on cooling deposited no crystals ; on allowing the 
rather syrupy solution to evaporate spontaneously in the air at constant 
temperature and in as complete absence of dust as possible, large, well- 
developed crystals of sodium chlorate began to separate after a week 
or SO.  These crystals mere separated as before, being sorted into 
dextro- and lzevo-crystals; the results are given in Table 11. After 
examination, t h e  crystals were dissolved in the minimum quantity of 
hot water, the solution mixed with the mother liquor, and, after filtra. 
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KIPPING AND POPE : ENANTIOMORPHISM. 613 

tion, the liquid was again put to crystallise. The same precautions to 
avoid personal bias were taken as in  the preceding case. 

The results quoted in this table show distinctly that an optically 
active enantiomorphous substance dissolved in a solution of a purelycrys- 
tallographically enantiomorphous compound materially affects the 
proportion in which the enantiomorphously related crystals are 
deposited. More than twice as many laevo- a s  dextro-rotatory crystals 
of sodium chlorate are deposited from a sodium chlorate solution 
containing 20 per cent. of dextrose. It is further not easy to  realise 
that this directive influence could be attributed to chemical action ; 
the crystals deposited consist of sodium chlorate and the preponder- 
ance of the hvo-rotatory crystals apparently has a purely physical 
cause. 

Deposition of Sodium Chlorate from Mannitol Solulion. 

It has been noted above that circular polarisation is only one mode 
of expression of enantiomorphism. It would not be expected, there- 
fore, that  the magnitude of the specific rotation of a dissolved substance 
should be directly connected with the influence which the latter sub- 
stance exerts on the proportion in which enantiomorphously related 
crystals are deposited, The related factor is the enantiomorphism, 
which, in the case of dextrose, is an  enantiomorphism of atomic 
arrangement, and in that of the sodium chlorate an  enantiomorphism 
of molecular arrangement.. I n  order to test the truth of this view, 
experiments were made with mannitol, which, although an  enantiomor- 
phous substance, is practically inactive in aqueous solution ; Miintz 
and Aubin (Ann. chim. phys., [v], 10, 533) found it to be inactive in 

TABLE IIT.-CrystuZs of Sodiunt Chlorate deposited front cc 
Solution containing 50 grants of JIcmnitoZ per Litre. 

Number. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Dextro- 
crystals. 

d. 

7 
5 
6 
7 

37 
1 
1 

34 
4 
8 
8 

Laevo- 
crystals. 

1. 

9 
6 
7 
5 

64 
1 
2 

11 
15 
13 
10 

Total. 
d + 1. 

Percentage 
of dextro- 
crystals. 

Percentage 
of laevo- 
crystals. 

16 
11 
13 
12 

101 
2 
3 

45 
19 
21 
18 

43.75 
45.45 
46'15 
58'33 
36.63 
50.00 
33.33 
75 -56 
21-05 
38-10 
44-44 

56.25 
54-55 
53-85 
41-67 
63-37 
50*00 
66.67 
24'44 
78.95 
61 '90 
55*56 
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614 KIPPING ANX) POPE : ENANTIOMORPHISM. 

aqueous solution, and Bouchardat (Compt. rend., 80, 120) assigns t o  it 
the specific rotation [a], = - O%O, whilst dextroglucose has a high 
specific rotatory power greater than [a], = 50°. 

Owing to the sparing solubility of mannitol, less of this carbohydrate 
was dissolved than in the case of dextrose, Each litre of saturated 
sodium chlorate solution had dissolved in i t  50 grams of carefully 
puriGed mannitol ; the solution mas put to  crystallise, and the citystals 
were examined as before, with the sole exception that we did not take 

TABLE IV.-CrgstaZs of S o d i u m  CIdorate deposited fi*om a Solu t ion  
containing 60 grams of Maimi to l  per LihBe. 

Nuniber. 

1 
2 
3 
4 
5 
6 
7 

0 
10 
11 
1 2  
1 3 
1 4  
1.5 
16  
17 
78 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

a 

Dextro- 
crystals. 

d. 

5 
4 
3 

10 
4 
3 
7 
0 
7 
6 

11 
21 
13 
19 
14 
11 
27 
17 
19 
21 

7 
39 
22 
36 
27 
19 
11 
31 
7 
3 

14 
30 
24 
12 
14 
10 
16 

L m o -  
crystals. 

1. 

6 
1 3  
10 
0 
ti 
4 
9 
8 

11 
13 
24 
36 
16 
18 
20 
19 
36 
28 
41 
16 
12 
57 
3 4 
50 
1 4  
29 
26 
48 
11 
9 

10 
62 
37 
20 
15 
1 i  
21 

~~ 

Total. 
d +  1. 

11 
17 
1 3  
19 
10 

7 
16 
17 
18 
19 
35 
57 
29 
37 
34 
30 
63 
45 
60 
37 
1 9  
96 
56 
05 
4 1  
48 
37 
79 
18 
12 
24 

101 
61 
32 
29 
21 
37 

Perceii tage 
of dcxtro- 
crystals. 

45'45 
23.53 
2:?*08 
52-63 
40'00 
42'86 
43.75 
52.94 
38.89 
31 -58 
31-43 
36.84 
44'83 
51 -35 
41'18 
36.67 
42'86 
3 i ' i B  
31 '66 
56'76 
36-84 
40.63 
39'29 
37'89 
65'85 
39'58 
29'73 
39'24 
38'89 
25.0(1 
58'33 
38'61 
:;9 3 4  
37'50 
48'28 
37'04 
43'24 

Ud= 40'68. 

l'ercentsgc 
of 1330- 
crystals. 

54.55 
74-47 
76'92 
47'37 
60'00 
57 *14 
56.25 
47'06 
61 -1 1 
68.42 
65'57 
63'1 6 
55.1 7 
48.65- 
58.82 
63'33 
5 i  '1 4 
62.22 
68'34 
43'24 
63 '1 6 
59.37 
60.71 
62.11 
34-15 
60'42 
70.27 
60.76 
61 '1 1 
75-00 
41 *67 
61 '30 
60.66 
62'50 
51.72 
62.96 
56-76 
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any special precautions to keep the liquid dust-free. The results are 
summarised in Table 111. 

The results show that, whilst the weight of the mannitol used was 
only one-fourth of the weight of dextroglucose used in the previous 
experiments, the deviation from equal proportions of dextro- and l ~ v o -  
sodium chlorate deposited is about one-third as great with the mannitol 
as with the dextrose solutions, Weight for weight, then, in spite of 
its scarcely perceptible rotatory power in aqueous solution, mannitol 
would seem to exert a t  least as great a directive influence as dextrose 
in experiments of this kind. 

Another series of experiments was made with a slightly stronger 
solution of mannitol, namely, one containing 60 grams of mannitol per 
litre of saturated sodium chlorate solution, and the results tabulated 
in Table IV will be seen to show a greater diminution in the number 
of dextro-sodium chlorate crystals deposited ; care was taken in this 
case to keep the solutions dust-free and at uniform temperature. We 
do not lay much stress upon the percentage of carbohydrate present in 
the solution, as although we know the amount put into the solution, 
we do not know exactly what proportion was present during crystal- 
lisation after a certain amount of water had necessarily evaporated. 

Although mannitol is nearly inactive in aqueous solution, yet it was 
just possible that the sodium chlorate might exert an  influence similar 
to that of boric acid and increase the specific rotatory power very con- 
siderably. I n  order to gain information on this point, quantities of 
2, 3,4, and 6 grams of mannitol were dissolved and made up to 100 C.C. 

with saturated sodium chlorate solution, and examined polarimetrically ; 
in no case could rotation be observed in 400 mm. tubes, showing that 
the rotation was less than 3 or 4 minutes, The specific rotatory power 
of mannitol in saturated sodium chlorate solution is thus of the same 
order as in aqueous solution; this may perhaps be considered as 
corroborative evidence of the absence of chemical action between the 
sodium chlorate and the carbohydrate. 

Crystals of Sodium Chlorate deposited from Isodulcitol Solution. 

A few experiments made with a saturated solution of sodium chlorate 
containing 50 grams of isodulcitol per litre indicated that such solu- 
tions deposit a greater number of crystals of dextro- than of Iavo- 
sodium chlorate. The quantity of isodulcitol a t  our disposal was, how- 
ever, small, and as we had already obtained ample experimental evidence 
that optically active substances in solution do exert a directive or 
enantiomorphous influence on the kind of crystal deposited, the experi- 
ments were not carried out in detail. 
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C7ystals of S o d i i m  Chlorate deposited .$?*om Solutions containing 
DuZcit 02. 

Until  recently there has been some doubt as to whether dulcitol is, 
or is not, an  enantiomorphous substance, but the work of Crossley 
(Ber., 1892, 25, 2564) and others has definitely shown tha t  this carbo- 
hydrate is not enantiomorphous. It seemed of interest, however, to 
determine the proportion in which dextro- and lsvo-sodium chlorate 

TABLE V.-CrystaZs of S o d i u m  Cldorate deposited f?*o?n Solutions 
contuining 20 grams of Dulcitol per Litre. 

Number. 

-_____ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 

Dextro- 
crystals. 

d. 

36 
54 
27 
26 
46 
26 
17 
32 
36 
19 
42 
21 
34 
26 
34 
29 

Lrevo- 
crystals. 

2. 

44 
58 
19 
31 
25 
25 
23 
41 
41 
24 
33 
21 
27 
18 
26 
24 

Total. 
d+ 1. 

80 
112 
46 
57 
71 
51 
40 
73 
77 
43 
75 
42 
61 
44 
60 
53 

Percentage 
of dextro- 
crystals. 

45-00 
48.21. 
58.70 
45'61 
64'79 
50'98 
42'50 
43'84 
46'75 
44'19 
56.00 
50.00 
55-74 
59'09 
56'67 
54-72 

l'erceii tage 
of lzvo- 
crystals. 

55'00 
51.79 
41.30 
54-39 
35'21 
49.02 
57 '50 
56'16 
53% 
55-81 
44'00 
50'00 
44.26 
40.91 
43'33 
45'28 

separate from solutions containing dulcitol, but owing to  the sparing 
solubility of dulcitol in water or sodium chlorate solution, little positive 
evidence could be obtained. The saturated sodium chlorate solution 
contained 20 grams of dulcitol per litre, and the results, which are 
given in Table V, show that nearly equal numbers of dextro- and laevo- 
sodium chlorate crystals are deposited. It ought to be observed that 
me should not be justified in drawing the conclusion that a substance is 
not enantiomorphous from experiments of the kind described in the 
present paper ; we could, however, conclude with certainty tha t  a com- 
pound mas enantiomorphous if the value of Wd differed considerably 
from 50. 

The results described in  the preceding pages are summarised in  
Table VI, and allow of the  deduction of the following conclusions. 

1. On crystallising a substance which is not enantiomorphous in the  
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h

50$3 
32-30 
44.80 
40.58 
51.42  

617 

50’08 
31’75 
44.83 
40.55 
51.27 

TABLE VI.-Comparison of Results. 

Solution. 
Num 

Ex per i- 
iiients., 

PIIPG NaC10, solution .. . .. .. . ... .. . ... ... .. . 46 
NaC10, sol. + 20 per ceiit. tlestrose .. . . .. 25 

(, +.5 ,, ~ i i u n i i i t o l  ...... 11 
, 7  -1-6 ,, ), ...... 37 
,, + 2  ,, cliilcitol ...... 16 

er of 

Crystals. 

3137 
2460 

261 
1386 

985 

amorphous state, but is enantiomorphous in the crystalline state, under 
conditions such that no enantiomorphous influence is brought to bear, 
equal numbers of the enantiomorphously related crystals are on the 
average deposited. 

2. On crystallising a substance which is not ennntiomorphous in the 
amorphous state, but is ennntiomorphous in the crystalline state, the 
average ratio of the numbers in which the ensntiomoryhously related 
crystals are deposited may be made to differ from unity by introducing 
into the cry stallising solution a substance which is enantiomorphous in 
the amorphous state. 

3. The results obtained by crystallising sodium chlorate from solu- 
tions containing mannitol indicate that the deflection of the ratio of 
dextro- t o  13evo-crystals of sodium chlorate deposited is not directly 
dependent on the specific rotatory power of the dissolved substance ; in 
doubtful cases, it might be possible to  prove that a substance is 
enantiomorphous in the amorphous state by examining crystals of 
sodium chlorate deposited from its aqueous solution. 

4. The enantiomorphism of a chemical nature of one substance may 
influence the enantiomorphism of a purely physical or crystallographic 
nature of another substance. 

Attention should be drawn to the analogy between the  results now 
recorded and those which we have recently obtained by crystallising 
sodium ammonium dextro- and Izvo-tartrates from solutions contain- 
ing dextroglucose (Proc., 1898, 113). On crystallising a n  externally 
compensated mixture of the two tartrates from an aqueous solution 
containing dextrose, the first crop contains a large excess of sodium 
ammonium dextrotartrate ; the dextrotartrate thus appears to be less 
soluble than its laevo-isomeride in dextrose solution, just as laevo sodium 
chlorate seems to be less soluble than its dextro-isomeride in dextrose 
solution. Further experiments respecting these points are in  progress. 

CHEMICAL DEPARTMENT, 
UNIVEKSITY COLLEGE, 

NOTTINCHAM. 

CIIEMICAL DEPARTMENT, 
GOLDSMITIIS’ INSTITUTE, 

LONDON, S.E. 
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