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changes in electrical potentials and currents ~roduced 
in plants by various types of radiant energy. I n  
their experiments it was found that marked changes 
in potential differences (voltage) were produced by 
ultra-violet and infra-red radiations and that the 
electric currents obtained in leaves, when an external 
but constant electromotive force was impressed, were 
increased by both these types of radiant energy. 
Furthermore, these changes in potential differences 
between the base and the tip of leaves were found to 
be associated very definitely with the phenomenon of 
growth. No changes in potential differences or in 
electric currents were produced by the visible portions 
of sunlight or various artificial sources of radiation. 

The development of chlorophyll is dependent chiefly 
on the quality of the incident radiant energy, namely, 
the energy in the green region of the visible spectrum. 
Little chlorophyll is found in plants grown under 
filters which transmit infra-red or ultra-violet rays 
only. A comparison of the energy of the incident 
light transmitted by -these filters and measured with 
thermopiles shows that a transmission of 6 per cent. 
of the green region (through a green filter) produces 
a greater amount of chlorophyll for each gram of 
plant than is produced by a transmission of 40 per 
cent. of energy in the yellow or red regions of solar 
radiation obtained through yellow and red filters. 

(1)The ultra-violet and infra-red portions of sun-
light are stimulating to germination and enhance 
growth and development. 

(2) The green portion of the solar spectrum, which 
is its region of maximal energy, is inhibitory to the 
processes of germination and growth. 

(3) The development of chlorophyll is enhanced 
under the yellowish-green, green and greenish-blue 
regions of the spectrum. 

(4) The least development of chlorophyll occurs 
under the ultra-violet and infra-red portions of the 
spectrum. 
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more perfect orientation of the colloidal micelles 
parallel to the fiber axis than is true in cotton, which 
appears to have a spiral arrangement. Ramie fibers 
have, therefore, been practically exclusively used in 
the brilliant X-ray work which has led to  a final 
analysis of the crystalline part of cellulose. It is 
now definitely known that cellulose belongs to the 
monoclinic system and that the unit cell dimensions 
derived from X-ray patterns are : a = 8.3, b = 7.9, 
c = 10.3 A.U. The last named is the identity period 
along the fiber axis, with a'monoclinic angle P = 84". 
This small unit cell contains four C,H,,O, groups. 
It has been further demonstrated that cellulose is  built 
from long primary valence chains of the dehydrated 
glucose molecules and that a bundle of these long 
chains constitutes the colloid micelle or crystal grain. 
The measurement of the breadth of the X-ray diffrac- 
tion interferences has proved that in various samples 
the length of the micelles, which is the same as  the 
length of the primary valence chains, lies between 
150 and 500 A.U., and that the cross-section dimension 
of the micelle, which is determined by the number of 
chains in a bundle, lies between 20 and 50 A.U. 

It is this complete structure of cellulose which 
enables explanation of the physical and chemical 
properties of cellulose fibers. Up to the present time 
all the X-ray work has been devoted to fundamental 
studies of cellulose and practically nothing has been 
done in the practical sense of following growth or in 
classifying fibers of a particular kind. I n  the X-ray 
laboratory of the University of Illinois extensive in- 
dependent and cooperative studies are in progress on 
wood and on cotton fibers. The first results in com- 
parative studies of cotton fibers have been so promis- 
ing and have so f a r  exceeded the expectations that i t  
has seemed wise to report in a preliminary note these 
findings on structural changes during growth and on 
classification of mature fibers. 

A series of developmental stages of the fibers of 
Gossypiunz himuturn representing growth intervals of 
eighteen, twenty-one, thirty-five and f3ty days re-
spectively have been studied thus far, by means of 
the diffraction method, utilizing the copper Ka radia-
tion, the pinhold method and a bundle of parallel 
fibers as the specimen. The eighteen- and twenty-one- 
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SOME PRACTICAL RESULTS OF AN X-RAY 
ANALYSIS OF COTTON FIBERS 

WHILEit has been known for some time that cotton 
fibers yield a typical cellulose X-ray diffraction pat- 
ern, comparatively little work has been done with 
this material. The explanation of this lies in the 
fact that in ramie fibers, for example, there is a much 

fiber growth. The thirty-five-day sample represents 
the early stages of wall thickening and the fifty-day 
sample the mature fiber a t  the close of its period of 
wall formation. The difFraction att terns for the four 
samples show a remarkable progression. In all cases 
the patterns indicate a crystalline condition which, 
however, is progressively more perfect with age. The 
eighteen-day sample pattern is distinguished by very 
broad and continuous rings indicating random orien- 
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tation. The principal diffraction ring has a diameter 
of 4.05 om. There is no evidence whatsoever of true 
fibering. The twenty-one-day sample pattern also 
shows continuous diffraction rings but these are 
sharper, indicating larger micellar size, that is, longer 
chains, and the diameter of the principal diffraction 
ring is 4.25 cm. The thirty-five-day sample pattern 
shows for the first time definite evidences of preferred 
orientation as  indicated by greater intensity of the 
diffraction rings on the equator as  compared with 
the poles of the pattern. The fibering, however, is  
still imperfect. The diameter of the principal d f i a c -  
tion ring is  4.50 cm. Finally, in the mature Bty-day 
fiber the pattern indicates the maximum degree of 
preferred orientation, the sharpest and narrowest 
diffraction maxima, indicating the h a 1  size of the 
micelles and a diameter of the principal diffraction 
ring of 4.60 om. There has been thus a progression 
in these samples in fibering, in micellar size indicated 
by diffraction breadth and in the actual crystal unit 
cell dimensions as indicated by the interference ring 
diameters. The dimensions are largest for the young- 
est sample. This seems to indicate, therefore, a con- 
dition of intra-micellar swelling or of the fact that 
the primary valence chains are not oriented within 
the colloidal particle in a perfectly parallel fashion. 
It may also mean that the crystalline substance is  not 
yet true cellulose. As the sample ages the diffraction 
ring increases in diameter, which means that the unit 
cell dimensions decrease until in the mature fiber the 
dimensions for ordinary cellulose are reached. It is 
evident that preferred orientation occurs some time 
between the twenty-first and thirty-fifth day, probably 
quite sharply. Further tests are now being made 
with samples showing finer gradation in growth. 

Another series of samples of mature cotton fibers 
showing markedly m e r e n t  physical properties has 
been subjected to X-ray analysis and here again the 
diffraction patterns are equally striking in their dif- 
ferences. The samples consisted of a cotton of high 
quality, one whose fiber quality had apparently been 
lowered by adverse developmental conditions and a 
third which represented an inferior variety. In  all 
three cases the diffraction rings have exactly the same 
measurements corresponding to trne cellulose. The 
Merences lie, first, in the degree of preferred orien- 
tation, and secondly, in the sharpness of the interfer- 
ence maxima. There is a marked difference in the 
degree ofgbering which is maximum in the case of 
the first sample and minimum in the third. For 
example, the cords of the arcs on the diffraction rings 
produced by fibering have the following lengths: 
first, 2.8 cm; second, 3.25 em; third, 3.8 cm. This 
gradation is  exactly the same as that displayed by 
the qualitative differentiation. Furthermore, an ex-

amination of the sharpness of interferences indicates 
that the chain lengths in the colloidal micelles are 
greatest in the first sample and least in the third. 
Therefore, satisfactory physical properties are un-
questionably connected with colloidal size greater than 
a critical value and in the best possible arrangement 
of these micelles with respect to the fiber axis itself. 
While these samples represent perhaps extreme con- 
ditions it seems very probable that it-will be possible 
to classify cotton within much narrower limits and 
that the X-ray method will, therefore, prove an in- 
dispensable new tool both for  specification and re-
search in the cotton industry. A continuation of 
these studies in a quantitative manner is  in progress. 
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