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P R E F A C E

T H E immense importance of the sugar industry in world
economics has forced the development of the polariscope
into a sugar-testing instrument of high efficiency. Com-
paratively few practicing chemists are familiar with any
other application of this useful laboratory tool.

Many books have been written on commercial saccha-
rimetry, but it is only by hunting through the whole mass
of literature of analytic chemistry that occasional instances
can be found of the application of the polariscope in
general laboratory practice.

Landolt's great work is the only one devoted to a com-
plete treatment of the subject of polarimetry, but that is,
in the main, a book for the physical chemist and trained
investigator in pure science.

Hence I have ventured to write a simple introductory
treatise, not a complete manual of polarimetry by any
means, but one explaining in an elementary way funda-
mental principles and their application in general labora-
tory practice.

Naturally, I have devoted much space to methods in use
in sugar manufacture, but have also described those used in
brewing, the starch industries, and food and drug analy-
sis as well. I t has seemed best to introduce outlines of
some technical processes and factory methods of chemical
control to make the subject clearer. I have also over-
stepped the strict bounds of polarimetry to explain methods
obviously accessory to many determinations.
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A sketch of the use of the polariscope in pure science is
given in view of the great possibilities of the instrument in
that field.

In short, with an experience covering nearly twen ty
years as technical chemist in the sugarhouses of t h e
West Indies, in the glucose industry of the West, and as
a teacher of polarirnetric methods in a great technical
school I offer the book in the hope that it may prove a
guide to a better comprehension of the polariscope a.s a
practical laboratory tool, and suggest means of ^wider
application.

I can make but small return here in acknowledging
rny indebtedness to those who have kindly assisted m e
in the preparation of these pages,—to my father, Dr .
W. J. Rolfe, whose criticism and advice has t e e n an
inestimable aid in putting this book through the press ;
to Professor F . H. Storer, an esteemed critic, but more
than all, one whose kindly interest and encouragement
have greatly heartened me in my task; to rny colleagues,
Professors Wendell, Noyes, Gill, Mulliken, Mr. A . G.
Woodman, and others who have aided rne with advice
and criticism in their special fields of work.
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T H E P O L A R I S C O P K I N T i l I t

C H E M I C A L L A B O R A T O R Y

F U N D A M E N T A L P R I N C I P L E S

Tlie Function and Scope of Opt ica l Analysis. The
methods of analysis to be d e s c r i b e d a r c based cm the
behavior of "polarized l ight" in p a s s i n g through HUtfar
solutions. In many cases these m e t h o d s can be applied
as well to other "optically active " compound** that: arc in
the liquid state or in solution. M a n y o rgan ic substances
show optical activity —about s e v e n h u n d r e d have been
studied: hydrocarbons, such a s d i a m y l ; alcohols, m
dichlorhydrin; acids, like ta r ta r ic ; a lka lo id*, as nicotine;
essential oils, as oil of lemon; a n d t e rpene . s , lik«» camphor.

Comparatively little is known a b o u t t h e rchtttonHhip of
optical activity to the chemical a n d phys i ca l structure of
matter, Pasteur, about 1850, p o i n t e d o u t that the optical
behavior of solutions of isomeric f o r m s of tarfcarie acid
could be foretold by a study of t h e p l a n e s cm the cryntjila
of these acids. This relation h a s f>ecn found to hold true
in case of other organic crystals. A n analo^oiiH law had
been discovered in quartz c r y s t a l s b y Hcrarhcjl, in 1H35.
Van't Hoff and Le Bel, in 1874, s h o w e d that differences*
in the optical activity of i s o m e r s cent Id IK* explained hy
a peculiar molecular structure a n d clcnuinHtrated by the
graphic symbolism ordinarily u s e d in in terpre t ing organic



2 FUNDAMENTAL PRINCIPLES

reactions.1 This theory has been useful in predicting the
existence of many organic compounds, and may be said
to form the basis of the scheme of Fischer's masterly
researches on the sugars.2

While it is not the province of this book to go into
an elaborate exposition of the properties and theories of
polarized light, it is necessary, for the intelligent use of
apparatus and the understanding of methods, to describe
a few simple experiments, with brief explanations.

Double Refraction. — " Iceland spar," a crystallized cal-
cium carbonate, which in the natural mineral readily splits
up into colorless rhombohedrons, is the customary material
used in optical instruments for producing plane polarized
light. Looking through such a rhombohedron of Iceland
spar in any direction (except parallel to a line joining
the two most obtuse solid angles, known as its "optical
axis") it will be noticed that the images of objects are
doubled. Evidently the light passing through the crystal
follows two paths. This "double refraction" is character-
istic of any crystal not "isometric" in structure, but any
transparent solid, ordinarily not doubly refractive, glass for
instance, will show double refraction if different parts are
subjected to unequal pressure, thus producing variations
of density.

The Nicol Prism. — In a substance showing double re-
fraction, each member of the divided beam in its passage

1 A review of the work of Pasteur and bibliography of original papers
will be found in Lamlult's " Das optische Drehungsvermflgen," p. 40. A
similar review of the work of Van't Hoff and Le Bel begins on p. 43 of the
same work. Pasteur's original paper has also been recently published in the
" Alembic Club Reprint," No. 14.

2 Outlined by Toilens, " Handbuch der Kohlenhydrate," II, 11-40.
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through the crystal has undergone a remarkable change,
known as "polarization," which makes it available in sugar
analysis. To utilize this property it is necessary to isolate
one of these beams, which can be done by a " Nicol prism,"
so called from its inventor.

Such a prism is made from a rhomboidal piece of Ice-
land spar, one whose length is approximately three times
its breadth, by grinding and polishing the end faces so that
they make an angle of 68° with the long edges instead of
the yi° of the original crystal, and cutting the crystal in
halves along a plane passing through one of the most

EXTRAORDINARY,
RAY
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lesser angle, passes through the prism, emerging in a con-
dition which is known as " plane polarized."1

Properties of Plane Polarized Light. — Looking th rough
two Nicol prisms at any source of light, holding the prisms
so that the light will pass through each successively, and
revolving one slowly on its long axis, — that is, around the
line of direction of the light beam, — it will be noticed
that the light seen through the prisms varies continu-
ally as the prism turns. At certain points in the revo-
lution of the prism, 1800 apart, no light passes, while at
exactly midway between these positions (900 from them)
most light is seen. As the prism is revolved, the light
increases up to a maximum, and then decreases till the
point of " total extinction " is reached. Hence, the amount
of light passing through such a combination of Nicol
prisms in the manner described depends on the angle
through which one of the prisms is rotated from the
positions giving maximum or minimum illumination. T h e
relative positions of the Nicols giving maximum light
intensity will be found to be that point of rotation when
the rhomboids of the end faces are parallel, each edge of
the end face of one prism to the corresponding edge of t he
other prism. When one of the Nicols is rotated to a posi-
tion 900, no light passes, and the field is dark. In the first
case, the prisms are said to be "parallel," in the second
"crossed."

Polariscope, — If the combination of prisms as described
is held in some suitable apparatus, one prism being fixed,
the other capable of rotation, a measuring device can be

1 Some modified forms of the Nicol, designed to increase its light capacity,
are described in Landolfs work already referred to.
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1 - • 'i *•» '!<• iHt.itiu;; prism and these phases of light
u ]*'. MJ *< h* ftfr* is depending on them, can be re-

ri^ hi ^ t h i v pMim . mi a scale. Such an instrument

» ''-«i 4 ° ]M»] in »i»jM'/" arul can he utilized in sugar

** '* s* \ » v f // u»/////<»;/, placed between the prisms in

i] i H i», ilia! the H;;ht passes through it in its passage

- ' \win t?u« pii«urs^/|r«ii/\ ///<• intensity ut the li^ht, sothat

at 1 1**' ««*««•, t.»tv l*» nifttte the movable prism to restore

.* U Ji* r!ii-« i Juiun by the: polari.seope previous to the

« n.< »» **? tin* Nultitititt. The magnitude of the angle

tM>\.,\\ \\\\\A\ list* pii'.m must l>e rotated to restore the

\kiw\ ii Is;Itt # ffr< 1 is hnind to depend directly on the con-

nr*jrt<'ti%ti the HH4? vtltttton, and therefore can be taken

* .1 im\tMiu* n< ihi* Mi^ar itself.

Unduhuory Theory. The so-called u undulatory" or

wave" theory IK*?* proved indispensable for interpreting

tf*H** |»h«riifiifn*tia «f |H>hiri/.cci light. In its simplest form

•»i* tlurory ;iHHurtu:» thai *&II light rays are caused by waves

I i*iu?r**y intiismiltcfl in straight lines through a medium,

;illed ** t?thcr," which pervades all space, even dense

i lilt U.

Tin? ir^tiHmiii^ti.iii of energy in transverse waves propa-

;*!e<l in :4r4t^ht lines viin be admirably illustrated by

MM«<• ni 4 frtrctchwl clastic cord. If one end of such a

<if*! î  vibrated tr^nnvcrhcly by shaking it at right angles

rt ilic <ttrcr« ifort in which the cord h stretched, waves will

IIUT r*»rdt a» each particle is successively set in

Otiviiiiifily it in the disturbance that travels as

not the matter in the cord itself, each particle

if whirtt i% merely mcilLitrng backward and forward. If

.be corcJ ii continttuusily shaken in different directions


