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The appearance of numerous publications resulting 
from the increasing use of molecular or short-path 
distillation during the past two and one-half years 
has made it desirable to prepare  a supplement to the 
two previous bibliographies on this subject (31, 29) 
in order to cover the patent  and scientific l i terature 
up to December 31, 1942. 

The recent development of revolving-plate stills for  
molecular dis t i l la t ion has increased the efficiency of 
this form of distillation and extended it to less stable 

subs tances  (71). Many large units of this type, which 
employ centrifugal force to spread the distilland, 
are now used in commercial production of vitamin 
A (72). 

Of the few new applications of molecular distilla- 
tion the work of Bailey (6) and t techtman (65) on 
the distillation of lignin and that of H u r d  et al. 
(102, 103, 122) on the separation of sugars may be 
mentioned. However, the suggested applications of 
the technique enumerated by I t ickman (71) should 
lead  to still greater  use, especially in pharmaceutical,  
biochemical, and related fields of research. 

Especially noteworthy are a number of publications 
of general and review nature,  which have appeared 
in various countries. Withers (161) in Australia and 
Blasco (14) in Spain have wri t ten two of the most 
recent reviews. Two other brief reviews are by Skish- 
akov (142) in Russia and Dam (26) in Denmark. In 
Great Britain, Howat (96-100) has published several 
articles on molecular distillation equipment and its 
applications to the production of vitamins. Wit tka 
(162) in Germany has published an article contain- 
ing many designs of molecular stills and an extensive 
bibliography of articles and patents. A series of 
papers by Kaufmann  and Wolf (116, 117) describe 
the application of molecular distillation in the field 
of fats and oils. Their first paper contains 80 patent  
citations. In the United States, an article of general 
scope has been published by Embree (56) on the sep- 
aration of natural  components of fats and oils and 
one by Hickman (71) on the use of high-vacuum 
stills in pharmaceutical and biochemistry. Abstracts 
of references listed in previous bibliographies with 
58 additions were published by Detwiler (30) in De- 
cember, 1941. These abstracts are in mimeographed 
form and are arranged in chronological order. They 
may be obtained on request from the Northern Re- 
gional Research Laboratory,  Peoria, Iilinois. 

The present supplement contains approximately 
160 citations on molecular or short-path distillation, 
including a number of earlier articles and patents 
which were not listed in the first two bibliogra- 
phies. In addition, several references on high-vacuum 
pumps, low-pressure gages, vacuum technique, etc., 
have been selected from the extensive l i terature on 
these subjects. 

Where available, the Chemical Abstract  (CA) ref- 
erence has been included with each citation. Patents 
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are indicated with an asterisk and are in groups by 
the senior patentee following articles by the same 
senior author, h i  general, the dates appended to 
patents include not only the one of final approval 
or of publication but  also the one of application. 

MOLECULAR STILLS AND APPLICATIONS 

1. Anonymous, Osaka, Japan:  Boshoku Zasshischa (1939).  Nylon 
(in Japanese) .  

2. Allen, W. M., J. Biol. Chem. 98, 591 (1932).  The preparation 
of progestin. (CA 27, 530.) 

3. *Ahnquist, H. J., and Klose, A. A. (to Merck and Co.), U. S. 
2,280,777, Apr. 28, 1942, appl. Feb. 7, 1940. Product  of 
vitamin K activity. (CA 36, 5618.) 

4. Askew, F. A., Bourdillon, R. B., Bruce, I-I. M., Jenkins, R. G. C., 
and Webster, T. A., Prec. Roy. Soc. (London) 107 B, 76 
(1930).  Distillation of vitamin D. (CA 24, 5802.) 

5. *Associated Electrical Industries, Ltd., Polish 11,592, Jan.  28, 
1930, appl. Aug. 16, 1928. Process and apparatus  for 
vacuum distillation. (Chem. Zentr. 1981, I I ,  1237.) (Simi- 
lar to Brit. 303,07879,  C. R. Burch et al.) 

6. Bailey, A. J., Paper  Trade J. 111, No. 7, 27 (1940).  The hetero- 
geneity of lignin. (CA 34, 8263.) 

7. Bailey, A. J., Ind. Eng. Chem., Anal. Ed. 14, 177 (1942).  
Molecular still heads. (CA 36, 1813.) 

8. Baxter, 5. G., and Robeson, C. D., J. Am. Chem. See. 64, 2411 
(1942).  Crystalline :¢itamine A. (CA 37, 422.) 

9. Baxter, J. G., Robeson, C. D., Taylor, J. D., and Lehman, R. W., 
Abstracts of papers, 104th Mtg., Am. Chem. Soc. 33M (Sept. 
1942). Natural a-, ~-, ~-tocopherols and certain esters of 
physiological interest. 

10. Baxter, J. G., Taylor, J. D., and French, K. S., Abstracts of 
papers, 104th Mtg., Am. Chem. So.c. 14B (Sept. 1942). An 
assay method for mixtures of tocopherols. 

11. *Baxter, J. G., and Jakobsen, J. L. (to Distillation Produc t s ,  
Inc.) ,  U. S. 2,269.243, Jan.  6. 1942, appl. Mar. 8, 1939. 
Refining animal or vegetable oils containing natural  antioxi- 
dants. CA 86, 3060.) 

12. Bickford, W. G., Krauczunas,  P., and Wheeler, D. H., Oil and 
Soap 19, 23 (1942).  The reaction of nonconjugated unsatu- 
rated fatty esters with maleic anhydride. (CA 36, 2171.) 

13. Bills, C. E., The chemistry of vitamin D. In  Am. Med. Assoc. 
The vitamins: A symposium, ch. 23 (1939).  CA 34, 2424.) 

14. Blasco, E., Ion 2, 753 (1942).  Molecular distillation. (CA 37, 
1625.) 

15. BJmer, A., and Ebach, K., Z. Untersuch. Lebensm. 55, 501 
(1928).  The glycerides of lauric and myristic acids. (CA 28, 
818.) 

16. Bomskov, C., Arch. exptl. Path. PharmakoL 190, 627 (1938).  
~iological evaluation and mode of action of vitamin E and 
the preparation of a highly active vitamin E concentrate. 
(CA 38, 8707.) 

17. Bradley, T. F., and Johnston, W. B., Ind.  Eng. Chem 33, 86 
(1941).  Drying oils and resins. Purification of polymerized 
methyl linoleate by molecular distillation. (CA 35, 2736.) 

18. Braude, R., Foot, A. S., Henry,  K. M., Ken, S. K., Thompson, 
S. ¥., and Mead, T. I-I., Biochem. J. 35, 693 (1941).  Vita- 
min A studies with rats and pigs. (CA 35, 8046.) 

19. Bruijn, J. A. de, Chem. Weekblad 37, 249 (1940).  Laboratory 
notes. (CA 34, 5317.) 

20. *Burrows, G., Brit. 523,754, Jul. 22, 1940, appls. Jan.  13, and 
Dec. 5, 1939. t t igh-vacuum molecular still. (CA 35, 6163.) 

21. Caldwell, X. S., and Hurtley, W. tt., J. Chem. Soc. 95, 853 
(1909).  The distillation of butter  fat, coconut oil, and their 
fatty acids. (CA 8, 1821.) 

22. Carothers, W. H., 0o]lected papers, on high polymeric sub- 
stances; ed. by H. Mark and G. S. Whitby (High Polymers, 
v. 1) N. Y., Interscience Publishers, Inc., 1940. (CA 34, 
7483.) 

23. Carothers, W. H., and Hill, J. W., J. Am. Chem. Soc. 55, 5043 
1933). Studies of polymerization and ring formation. XXII .  
Stereochemistry and mechanism in the formation and sta- 
bility of large: rings. (CA 28, 743.) 

24. Carothers, W. tt., and Van Natta, F: J., J. Am. Chem. Soc. 55, 
4714 (1933).  Studies of polymerization and r ing formation. 
X V I I I .  Polyesters from w-hydroxydecanoic acid. (CA 28, 
105.) 

25. Cloetta, M., Arch. exp. Path. Pharm.  88, 113 (1920}. Chemis- 
try and pharmacology of digitoxin and its cleavage products. 
(CA 15, 707.) 

26. Dam, tt., Kera. Maanedshlad 20, 203 (1939).  Short-path dis- 
tillation. 

27. Dam, tt. ,  GMger, A., Glavind, 5., Karrer ,  P., Karrer ,  W., Roths- 
child, E., Salomon, I t ,  Helv. Chim. Acta 22, 310 (1939).  
Isolation of vitamin K in highly purified form. (CA 33, 
5448.) 

28. Dam, H., Glavind, 5., Prange ,  I., and Ottesen, J., Kgl. Danske 
Videnskab. Selskab. Biol. Medd. 16, No. 7 (1941).  Vita- 
min E. (CA 36, 6214.) 

29. Detwiler, S. B., Jr., 0il and Soap 17, 241 (1940).  Supplement 
to bibliography on molecular or short-path distillatio.n. (CA 
35, 2.) 
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30. Detwiler, S. B., Jr.,  Abstracts of articles and patents on mole- 
cular or short-path distillation. U. S. Dept. Agr., Bur. Agr. 
Chemistry Eng. ACE-115, 98 pp. (1941).  U. S. Reg. Soy- 
bean Ind.  Prod. Lab., Urbana,  Ill. (May be obtained on re- 
quest from Northern Regional Research Lab., Peoria, Illi- 
nois.) 

31. Detwiler, S. B., Jr., and Markley, K. S., Oil and Soap 16, 2 
( ]939) .  Bibliography on molecular or short-path distilla- 
tion. (CA 33, 1545.) 

32. *Dijck, W. J. D. van (to N. V. de Bataafsche Petroleum Maat- 
schappij),  Australian 863/31, .Mar. 3, 1932, appl. Feb. 23, 
1931. Process and apparatus  for carrying out distillations 
under  low pressure. (Chem. Zentr. 1932, I f ,  3451.) (Similar 
to Dutch 27,023, N. V. de Bataafsche Petroleum Maat- 
schappij.) 

33. *Dijck, W. J. D. van  (to N. V. de Bataafsche Petroleum :Maats- 
chappij),  U. S. 1,950,830, :Mar. 13, 1934, appl. Jan.  24, 1931. 
Distillation of materials under  low pressure. (CA 28, 3498.) 
(See ref. 32.) 

34. *Distillation Products, Inc., Brit. 526,389, Sept. 17, 1940, appI. 
~ a r .  15, 1939. Vitamin compositions. (CA 35, 7123.) 
(Similar to U. S. 2,199,995, K. C. D. Hickman.)  

35. *Distillation Products, Inc., Brit. 527,381, Oct. 8, 1940, appl. 
Apr. 11, 1939. Treat ing animal and vegetable oils for re- 
tarding oxidation. (CA 35, 7224.) 

36. *Distillation Products, Inc., Brit. 532,770, Jan.  30, 1941, appl. 
Sept. 16, ]939. Nigh-vacuum distillation. (CA 36, 937.) 
(Of. re~. 84.) 

37. *Distillation Products, Inc.,  Brit. 538,565, Aug. 8. 1941, appl. 
Jan.  4, 1940. Apparatus  for high-vacuum distillation. (CA 
36, 3403.) 

38. *Distillation Products, Inc., Brit. 540,603, Oct. 23, 1941, appl. 
Apr. 5, 1940. High-vacuum distillation. (CA 36, 3989.) 

39. *Distillation Products, Inc., Fr.  851,427, Jan.  9, 1940, appl. 
:Mar. 9, 1939. Vacuum distillation apparatus.  (CA 36, 
1814.) (Cf. Brit. 482,881, Kodak, Ltd.) 

40. *Distillation Products, Inc., tt~ckman, K. C. D., and tIecker, 
J. C., Brit. 530,367, Dec. 10, 1940, appl. Mar. 9, 1939. 
High-vacuum unobstructed path still. (CA 35, 7767.) 
(Divided out of Brit. 530,371, ref. 41.) 

41. *Distillation Products, Inc., Nickman, K. C. D., and Necker. 
J. C., Brit. 530,371, Dec. 11, 1940, appl. Mar. 9, 1939. 
Nigh-vacuum unobstructed path distillation. (CA 35, 7767.) 
(Similar to U. S. 2,180,052, K. C. D. Hickman and J. C. 
Necker.)  

42. Drummond, J. C., Ann. Rev. Biochem. 7, 335 (1938).  The fat- 
soluble vitamins. (CA 38, 4649.) 

43. Drummond,  J. C., Singer, E., and MacWalter, R. J., Biochem. 
J. 29, 456 (1935).  A study of the unsaponifiable fraction 
of wheat germ oil with special reference to vitamin E. (CA 
29, 5159.) 

44. Drummond,  J. C., Singer, E., and MacWalter, R. J., Biochem. J. 
29, 2510 (1935).  Fur ther  observations on the constituents 
of the unsaponifiable fraction of wheat germ oil with par- 
ticular reference to vitamin E. (CA 30, 3477.) 

45. Earle, F. R., and Detwiler, S. B., Jr., Oil and Soap 18, 117 
(1941).  Wax constituents of the winterizer press cake of 
soybean oil. (CA 35, 5336.) 

46. *Eastman Kodak Co., Brit. 523,346, July 12, 1940, appl. Dec. 1, 
1938. Removal of gas from organic liquids. (CA 35, 6161.) 
(Similar to U. S. 2,180,051, K. C. D. Nickman.)  

47. ~Eastman Kodak Co., Brit. 524,39f), Aug. 6, 1940, appl. Jan.  28, 
1939. Vacuum distillation. (CA 35, 6158.) (Cf. refs. 48, 
82.) 

48. *Eastman Kodak Co., Brit. 524,439, Aug. 6, 1940, appI. Jan.  28, 
1939. Vacuum distillation. (CA 35, 6158.) (Divided out 
of Brit. 524,390, ref. 47.) 

49. *Eastman Kodak Co., Fr. 49,761, Jul. 17 ,  1939, appl. Jul. 29, 
]938. Apparatus for distilling in vaeuo. (CA 36, 2453.) 
(2nd. addn. to Ft.  834,937, Eastman Kodak Co.; similar to 
U. S. 2,180,053, K. C. D. Hickman.)  

50. *Eastman Kodak Co., Fr.  823,767, Jan. 26, 1938, appl. Jun. 11, 
1937. Products from the distillation of fish oils. (CA 32, 
6088.) (Similar to U. S. 2,169,192, J. G. Baxter.)  

51. *Eastman Kodak Co., Fr. 825,973, Mar. ]8, 1938, appl. Feb. 6, 
]937. Cholane derivatives. (CA 32, 6263.) (Similar  to 
Brit. 489,623, Eastman Kodak Co.) 

52. *Eastman Kodak Co., Fr.  826,474, Mar. 31, 1938, appl. Apr. 17, 
]937. Improvements  in distillation process. (Chem. Zentr. 
1938, I I ,  1151). (Similar to U. S. 2,117,802, K. C. D. 
Hickman.)  

53. *Eastman Kodak Co., Fr. 845,957, Sept. 6, 1939, appl. Nov. 14, 
1938. Vacuum distillation. (CA 35, 936.) (Similar to U. S. 
2,199,994, K. C. D. Hickman.)  

54. *Eastman Kodak Co., Fr. 849,596, Nov. 27, 1939, appl. Jan.  28, 
1939. Vacuum-distillation apparatus.  (CA 35, 6840.) (Cf. 
ref. 82.) 

55. Embree, N. D., J. Biol. Chem. 128, 187 (1939).  The occur- 
rence of cyclized vitamin A in fish liver* oils. (CA 33, 3969.) 

56. Embree, N. D., Chem. Rev. 29, 317 (1941).  The separation of 
natural  components of fats and oils by molecular distillation. 
(CA 36, 1796.) 

57. Emerson, 0. N., Science 88, 40 (1938).  The chemistry of vita- 
min E. I I I .  Permangana te  oxidation of alpha toeopherol. 
(CA 32, 7037.) 

58. *Fawcett, E. W. (to Imperial  Chemical Industries, Ltd.) ,  U. S. 
2,047,196, Jul. 14, 1936, appl. May 9, 1935. Refining crude 
fats and fatty oils. (CA 30, 6228.) (Cf. Brit. 438,056, E. W. 
Faweett. ) 

59. Gray, E. LOB., and Cawley, J. D., J.  Nutrition 23, 301 (1942).  
The state of vitamin A in the liver of the rat.  I I .  the ef- 
fect of feeding the vitamin over extended periods. (CA 36, 
2895.) 

60. Gray, E. LeB., *Mergareidge, K., and Cawley, J.  D., J. Nutri- 
tion 20, 67, (1940).  Intestinal absorption of vitamin A in 
Hie normal rat. (CA 34, 7355.) 

6]. I-Ialler, N. L., LaForge, F. B., and Sullivan, W. N., J.  Econ. 
Entomol. 35, 247 (1942).  Effect of sesamin and related 
compounds on the insecticidal action of pyrethrum on house- 

flies. (CA 36, 5916.) 

62. Naller, H.  L., McGovran, E. R., Goodhue, L. D., and Sullivan, 
W. N., J.  Org. Chem. 7, 183 (1942).  The synergistic action 
of sesamin with pyrethrtim insecticides. (CA 36~ 2959.) 

63. I~allett, L. T., Ind.  Eng. Chem., Anal. Ed. 14, 956 (1942).  A 
review of organic microchemistry. (CA 37, 582.) 

64. Nannewijk, J., Over, K., Vlodrop, C. van, and Waterman,  H. I., 
Verfkroniek 13, 162 (1940) ;  Paint  Ind.  Mag. 56, 48 (1941).  
The addition of phenol to fatty oils in the presence of sulfur 
dioxide and sulfuric acid. (CA 35, 6136.) 

65. Nechtman, J. F., Paper  Trade J. 114, No. 22, 45 (1942).  The 
behavior of some lignin preparations in the molecular still. 
(CA 36, 4331.) 

66. *Necker, J. C. (to Distillation Products, Inc . ) ,  U. S. 2,269,153, 
Jan.  6, 1942, appl. Jun.  18, 1940. High-vacuum distillation 
apparatus.  (CA 36, 2763.) 

67. Hickman, K. C. D., J. Optical Soc. Am. 18, 62 (1929) ;  Chemis- 
try and Indus t ry  48, 366 (1929).  A sublimation mercury 
still. (CA 23, 3602.) 

58. Hickman, K. C. D., J. ' Biol. Chem. 128, Proc. xliii (1939).  The 
nature  of vitamin A in fish liver oils, and the need for a 
new international standard. 

69. Nickman, K. C. D., Ind. Eng. Chem. 82, 1451 (1940).  High- 
vacuum distillation of the steroids. (CA 35, 275.) 

70. Hickman, K. C. D., Synthetic Org. Chemicals, 13, No. 5 (1941),  
Pub. by Eas tman Kodak Co., Rochester, N. Y.; Am. Per- 
fumer Essent. Oil Rev. 44, No. 3, 36 (1942. Vacuum dis- 
tillation in organic research. 

71. Hickman, K. C. D., Ind.  Eng. Chem., Anal. Ed. 14, 250 (1942).  
The high-vacuum still in medicine. (CA 86, 2682.) 

72. Hickman, K. G. D., Chem. Eng. News 20, 1561 (1942).  :Molec- 
ular  distillation. (OA 37, i011.) 

73. Hickman,  K. C. D., Harris,  P. L., and Woodside, ~I. R., Na- 
ture 150, 91 (1942).  Interrelationship of vitamins A and E. 
(CA 36, 6599.) 

74. Nickman, K. C. D., and Mees, G. C., News. Ed. (Am. Chem. 
Soc.) 19, 623 (1941). Vitamin A supplies during a national 
emergency. (CA 85, 5539.) 

75. *Hickman, K. C. D. (to Eas tman Kodak Co.), Brit. 521,227, 
May 15, 1940, appl. Nov. 14, 1938. Vacuum distillation. 
(CA 36, 937.) (See ref. 53.) 

76. *Nickman, K. C. D. (to Distillation Products, Inc.) ,  Brit. 
539,056, Aug. 26, 1941, appI. May. 25, 1940. Vacuum dis- 
tillation. (CA 36, 3403.) (See ref. 87.) 

77. *Hickman, K. C. D. (to Distillation Products, Inc.) ,  Brit. 
539,089, Aug. 27, 1941, appl. Jun.  15, 1940. Extracting 
vitamin-containing fish oils. (CA 36, 3634.) (See ref. 88.) 

78. *Nickman, K. C. D. (to Eas tman Kodak Co.), Ger. 700,764, 
Dec. 30, 1940, appl. Jul. 6, 1937. High-vacuum distillation. 
(CA 85, 72~40.) (Similar to Brit. 482,882, Kodak, Ltd. and 
U. S. 2,117,803, K. C. D. Hickman.)  

79. *Nickman, K. C. D. (to Eastman Kodak Co.), U. S. reissue 
20,705, Apr. 26, 1938, appl. Mar. 6, 1934, (A reissue ef 
1,925,559). .Extraation of fish oils containing vitamins. 
(CA 32, 4813.) 

80. *Hickman, K. C. D. (to Distillation Products, Inc.) ,  U. S. 
2,210,926-27, Aug. 13, 1940, appl. Sept. 5, 1936. Fat- 
soluble vitamin concentration by distillation. (Process.) (CA 
35, 583, 584 resp.) 

81. *Hickman, K. C. D. (to Distillation Products, Inc.) ,  U. S. 
2,210,928, Aug. 13, 1940, appl. Dec. 16, 1939. Fat-soluble 
vitamin concentration by distillation. (Apparatus.)  (CA 35, 
584.) 

82. *Nickman, K: C. D. (to Distillation Products, Inc . ) ,  U. S. 
2,218,240, Oct. ]5, 1940, appl. Jan. 28, 1938. Fractional 
distillations under high vacuum. (CA 35, 936.) (Cf. ref. 
48, 54.) 

83. *Nickman, K. C. D. (to Distillation Products, Inc.) ,  U. S. 
2,221,690, Nov. 12, 1940, appl. Mar. 20, 1937. Therapeu- 
tic vitaminic compositions. (CA 35, 1582.) 

84. *Nickman, K. C. D. (to Distillation Products, Inc.) ,  ~'. S. 
2,221,691, Nov. 12, 1940, appl. Sept. 28, 1938. Vacuum 
distillation such as that of vitaminic oils and the like. (CA 
35, 1272.) (Cf. ref. 36.) 

85. *Hickman, K. C. D. (to Distillation Products, Inc . ) ,  U. S. 
2,229,173, Jan.  21, 1941, appl. Feb. 9. ]9.~u. Vitamin con- 
centrates from oils such as pollack- or shark-liver oils. (CA 
35, 3037.) 

86. *Hickman, K. C. D. (to Distillation Products, Inc.) ,  U. S. 
2,234,166, Mar. 11, 1941, appl. Nov. 3, 1939. High-vacuum 
distillation. (CA 35, 3489.) 

87. *Hickman, K. 0. D. (to Distillation Products, Inc.) ,  U. S. 
2,249,526, Jul. 15, 1941, appl. June 9, 1939. Vacuum dis- 
tillation of vitaminic oils, etc. (CA 35, 6740.) 

88. *Hickman, K. C. D. (to Distillation Products, Inc.) ,  U. S. 
2,256,392. Sept. 16, 1941, appl. Oct. 14, 1939. Vitaminic 
fish oils. (CA 36, 224.) 

89. *Hickman, K. C. 1). (to Distillation Products, Inc.) ,  U .  S. 
2,298,377, Oct. 13, ]942, appl. Nov. 3, 1939. Vacuum dis- 
tillation from moving surfaces and apparatus therefor. (CA 
37, 1303.) 

90. *Hickman, K. C. D., an& Baxter, J. G. (to Distillation Products, 
Inc . ) ,  Brit. 535,100, Mar. 28, ]941, appl. Oct. 14, 1939. 
Distilling oxidizable substances. (CA_ 36, 1215.) (Cf. ref. 
91.) 

91. *Hickman, K. C. D., and Baxter, J. G. (to Distillation Products, 
Inc . ) ,  U. S. 2,221,692, Nov. 12, 1940, appl. Oct. 15, 1938. 
Vitamin distillates resistant to oxidation during storage. 
(CA 35, 1582.) (Cf. ref. 90.) 

92. *Nickman, K. C. D., and Necker, J. CI (to Distillation Products, 
Inc.) ,  U. S. 2,249,524, Jul. 15, 1941, appl. Juu.  27, 1939. 
Improving  the taste and odor of vitaminic oils. (CA 35, 
6740. )  

93. Hilt, J. W., and Carothers, W. H., J. Am. Chem. Soc. 55, 5023 
(1933) .  Studies of polymerization and ring formation. XIX.  
Many-membered cyclic anhydrides. (CA 28, 741.) 

94. Hill, J.  W., and Carothers, W. A., J.  Am. Chem. Sec. 55, 5031 
(1933) .  Studies of polymerization and ring formation. XX. 
Many-memhered cyclic esters. (CA 28, 742.) 

95. Hill, J. W., and Carothers, W. H., J. Am. Chem. Soc. 57, 925 
(1935).  Studies of polymerization and ring formation XXIV. 
Cyclic and polymeric formals. (CA 29, 4328.) 
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96. Howat, D. D., Chem. Age (London) 45, 309 (1941).  Molecular 
distillation. I. Advances in a new branch of chemical indus- 
try. (CA 36, 5057.) 

97. Howat, D. D., Chem. Age (London) 45, 323 (1941) .  Molecular 
distillation. I I .  Design of condensation pumps. (CA 36, 
5057.) 

98. Howat, D. D., Chem. Age (London) 46, 3 (1942).  Molecular 
distillation. I I I .  Stills, pumps, and other apparatus.  (CA 
36, 5057.) 

99. Howat, D. D., Chem. Age (London) 46, 41 (1942).  Applica- 
tions of molecular distillation. I.  Commercial production of 
vitamin A. (CA 36, 5057.) 

100. tIowat, D. I)., Chem. Age (London) 46, 53 (1942).  Applica- 
tions of molecular distillation. I I .  Vitamins D and E. (CA 
36, 5057.) 

101. Hulst, L. J. N. van der, Rec. tray. chim. 53, 672 (1934).  Pre- 
l iminary notes on the application of absorption spectra in oil 
research: distillation of palm oil. (CA 28, 4925.) 

102. t turd ,  C. D., and Liggett, R. W., J. Am. Chem. Soc. 63, 2659 
(1941) .  Analytical separation of sugars by clistiilation of 
their propiona~es. (CA 36, 369.) 

103. Hurd,  C. D., Liggett, /~. W., and Gordon, K. M., J.  Am. Chem. 
Soc. 63, 2656 (1941).  Distillation of sugar propionates at 
low pressures. (CA 36, 412.) 

104. *Imperial Chemical Industries, Ltd., Belgian 406,148, Mar. 28, 
1935, appl. Nov. 8, 1934. Drying oil. (Chem. Zentr. 1936, 
I I ,  2822.) (Similar to Brit. 442,000, Imperial  Chemical In- 
dustries, Ltd.)  
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D i f f e r e n t  V a r i e t i e s  of F l a x s e e d  I 

E D G A R  P A G E  P A I N T E R  and L. L. N E S B I T T  
Department of Agricultural Chemistry, North Dakota Agricultural Experiment Station, Fargo 

The quanti ty of some chemical constituents in dif- 
ferent  Varieties of the same crop may vary  greatly. 
Plant  breeders recognize the importance of produc- 
tion for specific compounds, as well as for total crop 
yields. Perhaps more emphasis is given to specific 
compounds in food crops than in a crop like flaxseed 
which is grown primari ly  for oil, but  here also we find 
varietal differences. 

Plant  breeders have relied upon the iodine number 
as the criterion of the quali ty of linseed oil. Varietal  
differences in the iodine number of linseed oils have 
been repeatedly demonstrated in this laboratory. Dill- 
man and Hopper  (1) found the iodine number of oils 
f rom Redwing and Linota to average 10 points higher 
than oils from Rio and Bison when each of the four  
varieties was grown for  several crop years a t  widely 
separated locations. Sometimes there is a difference 
of as much as 20 points between high and low iodine 
number producing varieties when grown under ap- 
parent ly  identical conditions. 

Attempts have been made to account for these dif- 
ferences in the iodine number  by determining the fat  
acids of the oil. Gross and Bailey (2) found higher 
oleic acid and lower linolenic acid in oils from Bison 
than in oils from Abyssinian. Dillman and Hopper  
(1) recently reported the composition of a group of 
oils from LSnota, Redwing, Bison and Rio. They 
found the highest percentage of saturated acids in 
Rio oils, the highest percentage of oleic acid in Bison 
oils and higher linolenic acid in Redwing and Linota 

* Published by permission of the Director, N. Dak. Agr. Expt. Sta- 
tion. This work was carried out under  Parnel l  95, "The Chemistry 
of F]axseed." 

oils than in Rio and Bison oils. Their  results were 
based on analyses carried out in 1929, 1930, and 1931. 
Many refinements in thiocyanometric technique, as 
well as an improved method for the determinat ion of 
the saturated acids, have been made since the above 
mentioned work was carried out. The composition of 
linseed oils, when calculated from empirical thi- 
ocyanogen numbers by using modified Kaufmann 
equations (3, 4, 5), differs greatly from that  reported 
earlier. When calculating the composition of oils for  
analytical results supplied by the laboratories of 
Areher-Daniels-Midland Company, Dillman and Hop- 
per (1) chose constants recommended by Riemen- 
schneider, Swift  and Sando (6) for  0.1 N thiocyano- 
gen solutions. 

The propert ies of a dry ing  oil should depend more 
upon the fat  acid composition than upon the total 
number of double bonds, as measured by the iodine 
number. Now that methods for the analysis of an oil 
like linseed have been improved so that  the results 
appear to be near true values, it would seem that more 
complete analyses may be necessary for an evaluation 
of the many available products. The object of the 
present investigation is to determine whether or not 
there are varietal  differences in the fat  acid compo- 
sition of linseed oil other than those which might be 
predicted from the iodine number. 

A number  of linseed oil samples ~ (pressed from 
finely ground seed) were selected for analysis. The 

2 Many of the flaxseed samples were obtained through the coopera- 
tive studies with A. C. Dillman, Associate Agronomist, Division of 
Cereal Crops and Diseases, Bureau of Plant  Industry,  United States 
Department of Agriculture. Others were from trials of the Agronomy 
Department  of the North Dakota Station. 


