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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
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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

IAY OF UNPOLARIZED

UGHT

^OEMENT JOINT
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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
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transverse to its length, it illustrates well the theoretical
conception of ordinary light.

The direction in which the cord is stretched is the
straight line which determines the path of transmission of
the waves and corresponds to the light ray. The particles,
always oscillating transversely, but whose planes of vibra-
tion are continually changing their position in space,
illustrate*the ether.

For such a series of transverse waves see the diagram.
Two particles moving in the same direction at the same
time, such as A and £, are said to be in the " same phase."

When the displacement and motion of the two vibrating
particles are exactly opposite, as A and C> they are said to
be in " opposite phase/* A "wave length " is the distance
along the line of transmission between the two nearest
particles in the same phase, as from A to B. The distance
from one particle to the next in opposite phase is half a
wave length. A ray, representing the direction of trans-
mission (path), of the energy is a geometric line and hence
has but one dimension. A multitude of rays having a
common direction is called a "beam," and can be con-
sidered to occupy space. These terms are also loosely
used bjrmany writers on optics to express the waves of
energy themselves which are moving in a ray or beam.

The color of the light depends on the period of vibration
of its waves. In the passage of the light through any
homogeneous medium, as air, its color bears a direct
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relation to its wave length. Light consisting of waves of
one length is said to be " homogeneous " or " monochro-
matic," its color being expressed mathematically in terms
of its wave length when passing through air. Light
made up of vibrations of many wave lengths is said to
be " compound"; ordinary day or lamplight is of this
nature.

[See Preston's " Theory of L igh t" for a full explanation
of wave propagation and exposition of the undulatory theory
in its application to optics.]

Reverting to the phenomena observed with the two
Nicols: when light enters a Nicol prism, owing to the
molecular structure of the calc-spar, the ether is prevented
from vibrating in varying planes, its oscillations being con-
fined to two at right angles to each other. Application
of the law of resolution of motions will greatly assist in
understanding the theoretical explanation of these light
phenomena. Many of the effects of Nicol prisms can be
made clear by making a diagram of the vibration planes
according to the doctrine of the "parallelogram of forces."

In the Nicol prism, the theory shows that the planes of
vibration of the two light beams are determined by the
diagonals of the end faces. I t has been shown how one of
these beams has been disposed of by total reflection. The
plane of vibration of the unextinguished (emerging) beam
is parallel to a plane passing through the shorter diagonals
of the end faces of the prism. A plane at right angles to
this is known as the " plane of polarization." The rays of
the emerging beam from a Nicol prism, after emergence,
eolitinue to vibrate only in the definite' vibration plane,
rfilerrained by the position of the shorter diagonals of the
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end faces of the prism, and are not, like ordinary light,
continually changing their vibration planes. It is th i s
characteristic of the light which distinguishes it, in t h e
interpretation of the theory, as "plane polarized."

In the combination of the two Nicols as described, t h e
plane polarized beam emerging from the first Nicol, having
one resultant vibration plane, passes into the second Nicol,
where it is in general resolved into two plane polarized
beams, one of which is reflected out. The amount (inten-
sity) of light which will pass through the second prism c a n
be determined when the angle which its vibration p lane
makes with that of the first prism is known, by making a
diagram of the positions of the vibration planes of t h e
emerging beams of the two Nicols as follows :

Let AB represent the vibration plane of the light emerg"-
ing from the first Nicol (which is known a s
the " polarizer "), and AD that of the emerg-
ing beam from the Nicol nearest the eye ( t h e
"analyzer"), this latter plane making - the

angle a with the plane of the polarizer.
The beam defined by AB is divided, on entering t h e

second Nicol, into two components whose vibration p l a n e s
are AD and AC, of which only the beam defined by A£>
can emerge from th6 analyzer. Its intensity as compared
with the light passing through the polarizer is represented

AD
by -j-jr, the relative lengths of AD and AB being de t e r -

D
F I G . 3 .

mined by completing the parallelogram ACBD.
When the Nicols are crossed (that is, when AB is p e r -

pendicular to AD), it will be seen that the light emerging:
from the polarizer is passing along a vibration plane ix&
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such u position that the waves arc totally reflected by the
analyzer, and the field is black, or, in actual experiment,
of minimum intensity, since usually not quite all the rays
entering the prisms are parallel.

It i.s true that thi.s assumption of light waves i.s purely a
theoretical one. I t is equally true that scientists guided
by these ideaa have made actual laboratory measurements
which logically seem to represent light-wave measurements.
Reference will be made to some of these values, which are
actualities of physics, whatever their interpretation.

Effect of Sugar Solutions on Polarized Light. — ( i ) If the
light passing through a polariscope is of one wave length,
that is, "homogeneous" or "monochromatic/ ' as is, prac-
tically, the yellow light made by vaporizing table salt in a
Buimen burner, and a tuln jUkdiviih sugar solution is placed
between the two Nicola, so that the light passing* from one
prism to the other has to traverse the length of the tube
through the solution, the following results will appear:
if the Nicols are crossed, total extinction docs not now
occur, but the extinction point now will be found by rotating
the analyzer to the right (in the direction of the motion of
the hands of a clock).

(2) It* the light is ordinary daylight or lamplight, that
in, white light, made up of light of all wave lengths ("com-
pound light"), it will be seen that extinction doea not take
place at any position of the analyzer, but the field of view
is colored, all the spectral colors appearing as the analyzer
fa rotated.

T h e explanation of these light effects is that the planes
of vibration of the light "waves of different lengths am
tvtattd to the right by the sugar solution, but not all to
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the same extent; those of the shortest length, namely t he
violet, being turned the most, the red the least.

At each position of the rotating Nicol the planes of
vibration of some of the rays, those of some definite t int
(wave length), make an angle of 900 with the principal
section of the analyzer, and are consequently reflected and
absorbed. The light emerging from the analyzer is, there-
fore, the original light deprived of the color of these reflected
rays, or " complementary " to them. In the case where the
light is monochromatic, as is, practically, the sodium flame,
total extinction occurs when the rotating Nicol is turned so
that its vibration plane is at right angles to the rotated
plane of vibration of the beam passing into it from the
sugar solution. But one such plane exists, as all the rays
having a common wave length are rotated alike.

It follows that if the rotatory effect of a sugar solution
on plane polarized light is to be measured, it is necessary
to use monochromatic light.

This behavior of the sugar solution is called its " optical
activity." Any optically active substance in solution will
affect plane polarized light in a similar way, rotating the
planes of vibration to the right in some cases, to the left in
others. Substances rotating to the right are known as
" dextrorotatory " (symbolized + ) ; those to the left, "levo-
ro ta tory"( - ) .

Laws governing Rotation of Optically Active Substances.
— In the experiment just described, when the light is
monochromatic, the angle of rotation of the vibration plane
of the plane polarized light by a sugar solution can be
measured by the angle through which the analyzer of the
polariscope* must be turned to restore the original light
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effect ^ivcxi by the instrument previous to placing the
sujjar solution between the prisms (ii\ the case described,
total extinction). This can be demonstrated by means of
a diagram analogous to Fig. 3.

The stronger the sugar solution and the longer the
column through which the light passes, the greater the
angle through which the vibration plane is turned. Kx-
perinteut has shown that, for rays of any one wave length,
this rotation is directly proportional to the concentration and
length of column of the solution.

Specific Rotatory Power. * When the angles of rotation
of different optically active substances are compared under
identical conditions of concentration, column length, and
light, each substance gives a characteristic value. When
determined under standard conditions, the characteristic
angle obtained is a measure of the "specific rotatory power M

or ••specific rotation " of the substance, and is symbolized
by the Greek letter alpha (a). In modern measurements,
the specific rotation of solutions of optically active sub-
stances Is measured by the angle oj rotation, expressed in
angular degrees, ivhicli plane polarized lijf/it, corresponding
in Tottve length to t/urt oj tJie yellow, D} Hue of the solar
spectrum} undergoes in fussing through^ at a temperature

1 A% I tore arc tw» lim?» given by Murl'mm light, D\ and Aj (tlic latter mu«h
tirightrr), in th« tmisl exact irti'itsurtftmints tlu; ray inulvvjiy between th« two
fcjirctrttnt lute* i* talu*n an the Hiantlar«l, having a wave length «»f JXX^HIJJZ
millitnrtr'r* SitiJi liftttU aw «»rilin̂  to I,ati<ltih, h pnnltuti'd from a sodium
i'h!«»r'ii|« flume, afitrr |»it*f»lttj( th« rny» nucccjwivdy thron l̂i Kolutujns of putaH-
%hm UkhmttmU and uranium sul|>hutc.

The light t*f the /^ Uncru of thu^olar Hjujdrnrn xĉ parsittsd by ftpt&tftMcttpic
melhwU hm a ri:*ultant wave length at "«ij>tkal centre " «>f ,wK)%ttt)2$ milli-
itftorafi'l |<ivi»* rotation value?* tdcntiral %vithin the ununl limit uf lh*j measure-
menu wklh thtm luktn by thu Lip|iich filtered Kodtuui light.
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of 2O° C, a decimeter column of a solution of the optically

active substance having a concentration of one gram in one

cubic centimeter. This can be expressed by the following

equation: a=alc, ( i )

where a is the angle of rotation in degrees, I the length of
column in decimeters, and c the concentration. If there
are w grams of substance in v cubic centimeters of solution,

ijnt

t h e c o n c e n t r a t i o n c a n b e e x p r e s s e d a s —

Hence, a — > (2)
v

and a = ^ . (3)

By this last equation, the specific rotatory power of any
optically active substance can be calculated from solutions
of any convenient concentration if the column length is
known. As will be seen later, effects so obtained in many
cases have to be corrected for influence of solvent and tem-
perature, but for cane sugar these effects are practically
negligible for ordinary conditions of analysis. These spe-
cific rotation values are the fundamental constants of all
calculations in optical analysis, being analogous in their
use to the atomic weights in the usual computations of
gravimetric and volumetric analysis.

If the concentration of a solution is expressed in per-
centage of substance in solution (grams in 100 grams), as
is often the case in commercial analysis, equations (2) and
(3) are expressed somewhat differently. The number of
grams in 100 grams can be expressed as fl, and since, if d

represents the density of the solution, v = - ^ , .: — =
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KK)

And a ^ l ( X ) a . ( 5 )
tpd

O b v i u u s l y it in n e c e s s a r y t o d i s t i n g u i s h c a r e f u l l y b e -

t w e e n t l n ^ i ? t w o e x p r e s s i o n s o f c o n c e n t r a t i o n , i n o r d e r t o

av«»i«! c i i u i c * r i i t i l u s i i m i n c a l c u l a t i o n s . 1

Y c l b w l i ; ; h t , c u r r e s p o n d i n ^ t o t h e I) l i n e o f t h e s o l a r

N p u r i - t r u m , h.is b e e n a d o p t e d f o r t h e s t a n d a r d b e c a u s e o f

\\u< c a s e w i t h w i n c h l i g h t o f t h i s c o l o r c a n bet p r o d u c e d b y

v n l i t t l i / t n ^ t a b l e s a l t i n a H u n s e n b u r n e r , a l c o h o l l a m p , o r

i i i h r r M m i r r t«i li*»t m m h t m t n o u s { l a m e . S p e c i f i c r o t a t i o n s

sf» f k t c i i i s i t u ' i ! a r e m o r e e x a c t l y s y m b o l i / . e d | a | ^ t o d i s -

l i t i ^ u i s h t h e m f r o m o t h e r s t o b e r e f e r r e d t o .

J u t in* r a s e t»f a n o p t i c a l l y a c t i v e s u b s t a n c e w h i c h i s

iSHrlf a Itijaid-t a s , f o r i n s t a n c e , s p i r i t s o f t u r p e n t i n e , t h e

ftpcufu' t t i t a l n r y p o w e r h e x p r e s s e d b y t h e e t | u a t i o n| l a l r y p e r h e x p

ih l h « d e n s i t y « f̂ t h e H q u i c L

I n i l u* r a a e « f a n f t p t t c a l l y a c t i v e t r a n s p a r e n t .w//V/, a s

r | t t . - i r t / , a ' \ t h e u n i t ft»r / b e i n g a s e c t i o n o n e m i l l i m e t e r

l l i i i k f t i t i n i\ p b n e »tt r i ^ h t a n g l e s t o t h e o p t i c a x i s . T h e
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14 FUNDAMENTAL PRINCIPLES

Application of the Laws of Optical Rotation to Sugar
Analysis'. — The application of these laws to the analysis
of sugar or other optically active substance can now readily
be understood. Let P be the per cent of optically active
substance contained in ?vr grams of sample, the weight of
this optically active substance being w.

tv
Then, P= —, P being expressed decimally.

From the fundamental equation already given :

avw = —.

a/

Then, P = - — •

For example, 17.50 grams of raw sugar in water solution,
made up to 100 cubic centimeters, observed in a 2-deci-
meter tube, rotated the plane polarized yellow ray 210 35' .
Taking the specific rotation of cane sugar as 66.50 and
expressing all values in standard units, the percentage of
cane sugar can be expressed as follows:

f ^ ! ( t h a t .
2x66 .5x17 .50 '

If the substance has its rotation constant appreciably
affected by the amount of solvent present, as is the case
with camphor or tartaric acid, the calculation will be more
complicated. Under the ordinary conditions of commer-
cial sugar analysis, this influence is so small as to be negli-
gible, as already stated.

1 Throughout this discussion it is, of course, assumed that but one optically
active substance is present in solution.
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Essential Parts. — From the preceding chapter it is
clear that the essential parts of a polariscope for meas-
uring the rotatory effects of optically active substances are
two Nicol prisms, one of which must be capable of rota-
tion and have some suitable device for measuring the angle
of its rotation from a definite position. These prisms
must "be arranged, as previously described, in a suitable
holder, so that tubes containing solutions to be examined
can be placed between the prisms, and finally there must
be some source of monochromatic light.

As a rule the analyzer is the rotating prism, as this
brings the measuring scale conveniently near the eye of
the observer.

In 1840 Eiot introduced a polariscope of this descrip-
tion, using the total extinction position of the prisms for
the end point; but, as experiment with such an instrument
will show, it was impossible to determine the exact point
of extinction without a large error. In the optical devices
for producing a more precise end point, much ingenuity
has been expended ; in fact, these devices alone determine
the essential differences between most of the different
makes of polariscopes for measuring angles of rotation
directly.

Mit&cherlicli Polariscope.—Mitscherlich, in 1844, im-
proved the original instrument of Biot, so that a broad

15



FIG, 4,— bEcriox OF POLARISCOPE (showing essential parts).
A. Revolving sleeve combining eyepiece and analyser.
S. Scale shewing swsiikm o( rotation of analyser.
T. Tabe for c<mbunittg optically active solution ia holcer.
P. Polarizer.
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THE rOLARISCOPE 17

ment of the faces of the original crystal. The amount of
rotation is independent of the right or left direction, but
depends on the thickness of the quartz section. A milli-
meter section of quartz, according to Biot, rotates plane
polarized light of different colors about as follows:

Red, 190 Yellow, 240 Green, 280 Violet, 410

These values are for "mean" rays, or those approxi-
mately in the middle of the spectrum bands of the colors
mentioned, and do not apply to the " Frauiihofer " lines as
do the more exact measurements of later observers.

The transition-tint plate consists of two quartz sections,
cut as described, of equal thickness, but of opposite rota-
tions. These are mounted in a diaphragm opening be-
tween the polarizer and analyzer, in such a way that each
section covers half of the optical field of the polariscope.
The sections are cut 3.75 millimeters thick, and rotate the
mean .yellow rays 900 (3.75 x 24 = 90), which in conse-
quence cannot pass through the analyzer when its plane
of polarization is parallel1 to that of the polarizer. White,
or any light containing rays of all wave lengths, as lamp
or gas light, in passing through such an optical combina-
tion will be deprived of its yellow rays, and the optical
field will show, accordingly, the resulting "complement-
a r y " tint, usually described as a rose violet. If the
analyzer is turned in the least, contrasting tints of red and
blue are seen in opposite halves of the field. Only at the
end point, or at a position of the analyzer 1800 from it, do

1 A section cut any odd multiple of 3.75 millimeters in thickness will pro-
duce the same effect. When the plate is cut an even multiple, it is easily
demonstrated that the transition, tint appears when the Nicols are crossed.

C
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both halves of the field show the same tint, — this rose-
violet transition tint.

The transition-tint polariscope was introduced by Robi-
quet, and was much used by earlier investigators, as it was
more sensitive than the Mitscherlich, and had the advan-
tage of using ordinary light.

Inasmuch as this instrument gave measurements of t h e
rotation of the vibration plane of the mean yellow ray ,
and not that of the D line of the sodium flame, it gave r ise
to statements of rotation figures on a different s tandard,
which is distinguished by the symbol [a] ; , the mean yel-
low ray of wave length .0005608 millimeter, being known
as t h e / ray (French Jaime, yellow).

The transition-tint polariscope is not now used in scien-
tific measurements, although the transition-tint plate is t h e
end-point device of some modern saccharimeters. T h e
instrument has many disadvantages. Colored solutions
obviously interfere with its readings. Many colorless solu-
tions of high rotation produce dispersive disturbances
which prevent an even-tinted field at the end point. I t
has been objected to on the ground that lights of different
wave-length composition, such as daylight and gaslight, g ive
slightly different complementary tints. The instrument is
of course useless to those who are color-blind. A c h e a p
form of this polariscope is used in Europe somewhat for
determining sugar in wines, as the errors of such low
rotations are inconsiderable.

The transition-tint polariscope — which must not be con-
founded with the Soleil saccharimeter — is of impor tance
to the modern investigator solely because the optical con-
stants which were obtained by it$ measurements a re sti l l
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found in many modern works, especially English, and con-
sequently the difference between specific rotatory powers
expressed by [a] y ; and [a],- should be understood. Inas-
much as the rotation for the D line of the spectrum by a
millimeter section of quartz is 21.70, that of the mean yel-
low being 240, as previously stated, the old transition-tint
constants can be changed to the modern standard by the

factor, 2^l}
24.0

Practically all modern polariscopes use the sodium light,
and have some device which shows a blank, evenly
illuminated field at the end point, while at any other posi-
tion of the analyzer, a part of the field, usually one half, is
shaded. One of the earliest of these " shadow " or " half-
shade" polariscopes was devised by Jellet about i860.
Cornu and Duboscq improved the instrument in some
details of its construction.

The Duboscq Half-shade Rotatometer. — The end-point
device of the Duboscq half-shade " rotatometer," as it is
called, is the Jellet-Cornu or " split" prism, which takes the
place of the ordinary polarizer. This is made by bisecting
a Nicol prism, or one of its sections, lengthwise of the

1 Some confusion has resulted from the introduction by Montgolfier in 1874
of a jaune moyen ray, having a rotation value of 24.50 for the quartz milli-
meter plate, subsequently adopted by Landolt in his book on the polariscope
as the value for the j measurements. This ray is not the Biot ray, inter-
mediate in ivavc-lengtfi value between the sodium and thallium lines of the
solar spectrum and having a wave length of .0005608 millimeter, but is the
ray of a wave length .0005553 of a rotation value for the quartz millimeter
plate which is the arithmetical mean between the rotation values for the JD ray
and the E ray. This later change of standard was most unfortunate, as it has
caused a misunderstanding which has marred much excellent work by early
investigators [/. Chem. Soc, 1&97 (71)* 89].
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prism, in the plane passing through the shorter diagonals of
the end faces. Equal wedge-shaped sections are taken off
the two cut surfaces, and the two parts are cemented to-
gether again. The effect of the removal of the two wedge-
shaped sections is to tilt the polarizing planes of the two
halves of the prism so that they make an angle (usually
about 1750) with each other. This type of prism is made
in several ways, but the principle is the same in every form.

This modified prism is used as a polarizer, and is mounted
in the polariscope with a diaphragm having a circular open-
ing between it and the analyzer in such a way that the
opening is bisected vertically by the line of the joint of the
two halves of the prism. If the analyzer is turned to a
position which would give total extinction for an instrument
fitted with an ordinary Nicol for a polarizer, the field made
by the diaphragm opening will not be black in this case,
but faintly and evenly illuminated, appearing as a luminous
disk. The slightest rotation of the analyzer from this posi-
tion produces a shading in one or the other halves of the
field. This can be made clear by a discussion of the follow-
ing diagram:

Let AC and FG respectively represent the positions of
the planes of polarization of the analyzer and polarizer of
a polariscope equipped with ordinary Nicol prisms adjusted
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of rotation; but, on the other hand, the field is darker at
the end point. This indicates the most serious disadvantage
of this type of polariscope, as it is impossible to make one
instrument that will be applicable for universal laboratory
measurements. If the polariscope has a prism giving suf-
ficient precision for scientific work, it will not pass light
enough at the end point for polarizing the dark-colored solu-
tions often met with in commercial practice, molasses for
instance.

Laurent Polariscope. — This need for a half-shade polari-
scope, having an end-point device by which the angle of
the polarizing planes of the two halves of the field could
be varied to suit the requirements of the work, was met in
a most ingenious and satisfactory manner by Laurent in
1877.

The Laurent polariscope has the ordinary Nicol prisms
for polarizer and analyzer, mounted in the usual way, except
that the polarizer is so arranged that it can be rocked or
rotated on its long axis through a small angle. The char-
acteristic end-point device is a thin plate of quartz cut par-
allel to the optic axis of the crystal. A section so cut is
doubly refractive, dividing a light beam entering normal to
its surface into two component beams with vibration planes
respectively perpendicular and parallel to the optic axis.
The thickness of the section is such that, when sodium
light is used, the component ray vibrating at right angles
to the optic axis, on emerging, has its vibrations accelerated1

half a wave length in its passage through the quartz. This

1 The tradulatory theory shows that the difference in refraction of the two
polarized rays is the result of a difference in speed of transmission of the light
waves, the less refracted ray being transmitted more rapidly.
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quartz plate covers one half of the circular opening of a
diaphragm which defines the optical field of the instru-
ment, and through which the. light passes from polarizer
to analyzer. Therefore the quartz intercepts these rays in
one half of the field.

The following diagram will assist the explanation: Let
AB represent the vibration plane as well as the amplitude
of vibration of the light from the polarizer which makes a
small angle ZMCwith the 2

optic axis of the quartz
plate, this axis being repre-
sented for convenience as
parallel to the edge AC of
the quartz plate bisecting
the circle representing the
diaphragm opening. When
the light from the polarizer
reaches the quartz, it is
resolved into two compo-
nents AC and AF, parallel
and perpendicular to the
optic axis. The light of the component A F travels faster
through the quartz than that of the component A C vibra-
ting parallel to the axis, and, having gained on AC half
a wave length, is at time of emergence from the quartz in
just the opposite phase of vibration, relative to AC, to its
original phase on entering the quartz. Consequently, this
emerging component can be represented by the line AE
equal to AF, but opposite in direction. By means of the
parallelogram AEGCit can be shown that the components
AE and AC can be compounded into the resultant AG> as

FIG. 6.
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if the light had come from a polarizer having its vibration
plane inclined to the optic axis of the quartz at an angle
GAC equal and symmetrical to the angle BAC actually
made by the plane of the polarizer with the optic axis. So
too the angles made by these planes with that of the a?ia-
lyzer are equal and symmetrical, when it is adjusted so
that its vibration plane is perpendicular to the optic axis of
the quartz, and hence the intensity of the light in both
halves of the field is the same, the absorption and reflec-
tion caused by the quartz being negligible. Thus, the
polarizer and the quartz plate together give the effect of a
Jellet-Cornu prism, the planes of which are tilted to each
other in each half of the field by a small angle; but have the
valuable advantage that this angle can be varied at will by
means of the rocking polarizer without disturbing the end-
point adjustment of the analyzer, since the angles made by
the vibration planes of the light in each half of the field with
the analyzer plane always remain eqical and symmetrical
whatever their magnitude. In all other respects, the ex-
planation of the light effects of the Jellet-Cornu prism
polariscope applies to the Laurent instrument, so need not
be enlarged upon here.

The Laurent polariscope is the one most generally used
in direct laboratory measurements of optical rotation, and
is the standard instrument used by the French govern-
ment in testing sugars. Its use is obviously restricted to
sodium light The average error of measurement is stated
by Landolt to be .2 per cent, due to mechanical imperfec-
tions inseparable from its construction. First-class French
instruments certainly show agreement within an error con-
siderably less than .2 per cent.
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measure to i', or, with the more modern decimal scale,
.01°.

In using the Lippich polariscope it is necessary that the
condensing lenses for illuminating the field be adjusted
with the greatest care to insure even illumination without
surface reflections. The instrument also seems to be
much more sensitive to extraneous light than is the Lau-
rent polariscope.

Wild Polariscope ("Polaristrobomcter"). — The Wild po-
laristrobometer, invented in 1864, has for its end-point
device a " Savart polariscope/' which consists of two calc-
spar plates cut at 450 to the optical axis of the crystal and
placed with their vibration planes at right angles to each
other1 and at 450 to that of the analyzer, which is fixed,
the polarizer being the rotating prism. The effect of this
combination is to produce "interference bands" or black
horizontal stripes in the field when homogeneous light is
used. These bands disappear in the centre of the field at
points 900 apart in the rotation of the polarizer. The
exact point of disappearance of these bands, as shown by a
blank space symmetrically placed relative to two cross
hairs in the field, is taken as the end point. The displace-
ment of this blank spot in the field is very marked for a
slight "rotation of the polarizer.

As it is the polarizer that rotates, its rotation is in the
reverse sense to the rotation of the plane of polariza-
tion by the optically active substance; that is, dextrorota-
tory substances, for instance, have their rotatory effects
measured by a corresponding rotation of the polarizer to
the left.

1 Wild, " Ueber ein neues Polaristrobonaeter," Berne, 1865,
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T H E SACCHARIMKTKR

General Principles. — As the value of the polariscope f o r
the determination of sugar (sucrose) had quick r e c o g n i t i o n
in commercial work, instruments were soon specially d e -
signed to give the sugar content of industrial products b y
a simpler, more direct way than by the use of the o r d i -
nary laboratory polariscope. Such instruments, k n o w n
as " saccharimeters," have scales graduated in d i v i s i o n s
expressing per cents of sugar instead of angular d e g r e e s ,
and the manipulation of testing is so conducted t h a t t h e
saccharimeter gives a direct reading of the sugar per c e n t
of the sample without calculation.

The theory of the graduation of a saccharimeter is v e r y
simple. As the optical rotation is directly proport ional t o
the concentration of the optically active solution a n d t h e
tube-length, it is clear that if the weight of sugar s a m p l e
taken for polarization, the volume of aqueous solut ion in
which this weight of sample is dissolved, and the t u b e - l e n g t h
are constants, the sole variable effect on the rotation ( l e a v -
ing out of consideration the slight influence of t e m p e r a t u r e
and concentration on the specific rotation) will be c a u s e d
by the difference in the amount of sugar in the s a m p l e .
Further, if the constant weight of sample taken for p o l a r i -
zation is that weight of pure sugar which will give a r e a d -
ing of IOO divisions of the saccharimeter scale, the r e a d i n g
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when this weight of any sample of sugar is polarized will
directly express the per cent of sugar in the sample. This
weight is known as the "normal weight" of the saccha-
ri meter.

It is necessarily assumed that no other optically active
substance than sugar (sucrose).is present in the sample.

The most convenient values for tube-length and volume,
universally adopted in saccharirnetry, are 2 decimeters and
100 cubic centimeters. The standard commercial saccha-
rimeter in this country and abroad, except in France, has
a normal weight of 26.048 grams.

Originally, a different standard of graduation was used,
and it still prevails in the rotary saccharirneters, which
were the earliest type. On this account it may be profit-
able to show the origin or these standards of graduation.
The angular-dcgrcc graduation is not suited for a saccha-
rimeter scale, as simple calculation will show. By the

(IV
formula, w~ -, derived from the fundamental equation

expressing optical rotation, making a:iooy 1:2, ?/:ioo,
and taking [c]/> of sucrose in aqueous solution as 66.50:

100 x roo , AU . . , .
?e/= .-.£- - = 75.2 grams of sugar as the normal weight

00.5 >̂ 2
for the angular-degree scale. This is an impracticable
amount of sugar to dissolve in 100 cu"bic centimeters of
water at ordinary laboratory temperature. The saccha-
ri meter graduation consequently requiring a smaller rota-
tion value for its 100 point, a convenient constant was
found in the specific rotation of quartz, that is, that caused
on the D ray by a millimeter section of right-rotating quartz
cut perpendicular to its optic axis. This value as originally
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determined was 21.6670 at 17.50 C. for light obtained by
vaporizing sodium chloride in a Bunscn burner and using
as a ray filter a section of potassium bichromate crystal.
The normal weight of sugar found by the equation given
above for the commercial standard of volume and tube-
length is 16.29 grams.

When the sugar is dissolved in 100 " repu ted" or Mohr
cubic centimeters on a temperature standard of 17.5° C,
as is the custom in commercial work, the normal weight is
16.32, owing to the volume of the Mohr flask being .23
per cent greater than the " true " cubic centimeter flask.1

This will be discussed later.
The Laurent and Duboscq rotatory polariscopes are pro-

vided with saccharimetric scales of this graduation, in addi-
tion to their angular degree scales. The Wild polariscope

1 Much misapprehension prevails as to the exact value of the normal weight
of the Laurent saccharimeter. This is partly clue to the existence of instru-
ments standardized for a normal weight of 16.19 grams, and partly to the fact
that the specific rotation of quartz has been rodetermined by instruments using
light of a different wave length than that used for the ordinary laboratory type
of Laurent polariscope.

No light obtained from a sodium flame by the ordinary methods is "opti-
cally pure," of one definite wave length, but contains light of many wave
lengths differing by but small values from that of the two I) rays, which are
themselves obviously of two different wave lengths.

Such light acts like absolutely homogeneous light-of a wave length corre-
sponding to a ray which represents the resultant intensity of these diverse rays,
its wave length being called by the Germans the " Sihwerpunkt" or "centre
of gravity" of the light. The "optical centre of gravity" of the light used
in the later measurements of quartz differed from that used in the Laurent
polariscope, and apparently has given rotations about .2 per cent larger.

Evidently, a normal weight of sugar calculated on the rotation value of
a millimeter section of quartz would be higher also in the same ratio.

Asa matter of fact, the normal weight of the standard Laurent sacuharim-
eter has been a fixed value for years, being actually that weight of augar
which, dissolved under standard conditions of concentration and tube-length,
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"back to the same angular position which it had "before
"being rotated by the sugar solution.1

Hence, for any concentration of solution there is a cor-
r e s p o n d i n g thickness of left-rotating quartz which will just
^neutralize (compensate for) the rotatory effect of the sugar.
T h e Soleil quartz-wedge cornpensator is a device for intro-
d u c i n g at will what is in effect a section of left-rotating
q u a r t z of the desired thickness between, the polarizer and
ana lyze r .

The diagram, shown as a plan, will explain the compen-
s a t o r and its working-. AB represents the line of trans-

c mission of the light through
the instrument along- its axis,
the analyzer being zXA and the
polarizer at B. C and D are

— B two wedges of right-rotating
quartz with parallel sides which,
are movable by being slid past
each other in a direction at
right angles to the axis of the
instrument (AB). Together,

t h e s e two wedges make a section with parallel sides, at
r i g h t angles to AB, of a thickness "which can be varied at
w i l l by moving one or both of the wedges.

E is a section of left-rotating quartz. When the com-
b i n e d thickness of C and D equals tha t of E, the opposite
r -o taring effects of the two wedges and the section E bal-
a n c e , and the scale of the saccharimeter attached to the
w e d g e s reads zero. If, however, a tube of sugar solution
i s placed in the instrument "between the polarizer and the

1 See table of the comparative rotatory dispersion of quartz and sugar solu-
t i o n in Landolt (p, 133).

FIG, 7.
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The tint is so chosen as to make a background for show-
ing to best advantage the color change in the transition-
tint plate, so that very delicate variations in color in either
half of the field can be noted with precision. The tint
device in no way affects the measurement of the sugar
solution, since this obviously is made through adjustment
of the position of the quartz wedges compensating for rota-
tions which take place between the two fixed Nicols, the
polarizer and analyzer of the saccharimeter.

FIG. 8.— DIAGRAM OF OPTICAL PARTS OF SOLEIL-DUBOSCQ SACCHARIMETER
(eyepiece and condenser lenses not shown).

A. Analyzer. S. Position of tube of sugar solution.
P. Polarizer. RQ. Rotating Nicol and quartz in eyepiece,

CC. Quartz compensator. for producing sensitive tints.
T. Transition-tint plate.

The normal weight of the Soleil-Duboscq saccharimeter
is based on the rotation value of the millimeter section of
quartz, but is usually given as 16.35 grams instead of
16.32.

The Soleil-Veatzke-Scheibler Saccharimeter. — The nor-
mal weight of 16.3 grams of sugar does not give a solution
of sufficient concentration to show variations in tint, in
measurements on the Duboscq-Soleil saccharimeter, for the
ordinary observer to distinguish with precision differences
corresponding to ,1 per cent of sugar in the sample, and
as this was demanded by modern commercial requirements,
an improved instrument was designed by Scheibler, which
used the graduation of Ventzke, the 100 point being at the
position of compensation for a sugar solution of the density
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of 1.1000 at 17.50 referred to water at 17.5°. This stand-
ard has been more conveniently expressed as equivalent
to 26.048 grams of sugar, weighed in air, and made up to a
solution of 100 Mohr cubic centimeters at 17.5°, and gives
.026 grams for producing a change of .1 per cent of the
scale, instead of .016 of the old standard, quite sufficient to
make a distinguishable change in tint at the end point.
Scheibler also improved the quartz-wedge saccharimeter in
many details of design, greatly increasing its practical
efficiency.

While the modern transition-tint saccharimeter, the
Soleil-Ventzke-Scheibler, as it is formally designated, is a
precise instrument in the hands of trained observers, and
still much used, it has been largely replaced in the past few
years by the shadow saccharimeter; for, as already noted,
any transition-tint instrument is useless to the color-blind,
and requires much more practice to read with precision.

The Schmidt and Hansch Half-shade Saccharimeter.—
This differs from the modern transition-tint instrument in
using the Jellet-Cornu prism for an end-point device.
Consequently, the observer determines the end point by an
equality of shade instead of tint. This type represents the
best modern saccharimeter. With such an instrument,
using ordinary artificial light, the intensity being much
greater than the sodium flame, the objections to the Jellet-
Cornu prism, mentioned in describing the Duboscq (rota-
tory) polariscope, do not apply, as the prism can be cut to
give sufficient precision without impairing the illumination
too greatly.1

1 Some of the most recent instruments of Schmidt and Hansch use the
Lippich • double-shade polarizer and an improved arrangement of illuminating
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The Triple-shade Saccharimeter, The tripU'-shjide de-
vice of the Lippich pokirismpe, rerentiy ^jiplied to i|u;n-i/.
wedge saccharimetcrs, is becoming j»»»jnii.ir as it ^ iws
according to some authorities a mmv J»HM be end |«*ini (to
.03 per cent), but it considerably nunplientes th*< instru-
ment, and is liable to glet out of adjustment. If is d«ml*!hd
whether usual conditions permit this greater \m'ii:<hn\ to
be of avail. Moreover, an expert ran easily read the hall-
shade type to ,03 per cent.1

Peters Saccharimeter. The Peters instrument with the
Lippich shade device differs in the main frtun I lie S*. hmidt
and Hansch2 in the mounting, whieh is desj^nrd for i»reat
stability and rigidity. In the latest insinunenls tlie tved^en
are inclosed in a dust-proof box which also mitigates the
effect of sudden temperature variations. The pinion f«*r
moving the wedges is lengthened so that the observer t an
move it with his hand resting on the table, a small detail
which greatly adds to the comfort of manipulation.

Instead of the ivory scales used in the earlier instru-
ments, both the Schmidt and the Peters s;irrh;mnictcrs
are now fitted with scales of an alloy known as u nirkelin,"

lens m recommended by tanttult (** I to* «»j*i tm h«* I hrhntmtvrtm* ̂ r«/* p. U i .
ThetM.* in«trumenu havu an improve! f«irm «f n*mj»<*tiMi«*t »lrv*M-«J !.y M4«̂ :»f%
{Zeits, fmtrwH; 20, 82), ctinnittiftg «»f tw«t tpMti wr«lj*r% r««rrf <)̂ «it<hû  *«» f"
ami /) of Fig. 7,but iti opfwiitt rtttatmn*. *Ht thr OiMfirr f»*r»1 u•••<!;•*- f/*̂
M cem«*nte<l a pmm uf glaw, »»f th»* %mw 4i%iwr%hm n* *|̂ I*IU, w1'»i< It -trtv*-% IM
keep the ray» in alignment with the iipti* «%1 iui* **f ihr iti*it»i*irr*i J l̂  *i l«
vantagei gained are \c** km i»f light by ft!w*r|4ii<m a««l » **ni«|.t «4 t*w *pwti/
section, which i» a e<»niitflcrjittcin of *»mt! »«{«»rf»«*<** 4̂  ili^tr t* Jiit'lly 4«i
adequate nupply of quartz HuHtutiently ••|n»ral1y |mre |»* iiirri ifjr <k<imn*\ h*r
f&cchftrfnteterft.

1 By •* JKT (rent" h meant the wall* 4ivi%i»m rum î̂ itr'fu ĵ t« a j«*r frwi.
* Schmidt ami Hlmeh havead»}H««l ihm f»>ritt »*( m**iittiiii|* in *»*n%v. **i flir*r

newer lace hart me tern*
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which is unaffected by moisture and so little by tempera-
ture as to make any change in the divisions negligible.1

The Double-wedge Saccharimeter. — The compensation
system of these saccharimeters has both quartz sections
made variable by sliding wedge devices. The wedges are
arranged as in the diagram.

A and B are right-rotating quartz wedges, corresponding
to those in the ordinary single-wedge instrument; Cand D
are the left-rotating quartz wedges. B and Care movable,

[\£i

FIG. 9.
the first known as the "working wedge," the second as the
"control wedge." Both pairs of wedges are provided with
scales of equal saccharimetric value.

In ordinary use of the saccharimeter, the control wedge
is set at zero, and the working wedge is used in the ordi-
nary manner for making saccharimetric measurements.
On removing the tube of sugar solution, the control wedge
can be used to check the readings, because if compensa-
tion is now made by moving this wedge, — without disturb-
ing the working wedge from the setting for the reading
first taken, — both wedges will give equal readings. So,
too, when no rotating solution is in the instrument, the
end point will be obtained when both wedges have the

1 Fric uses a milk-glass scale illuminator for making the metal graduationsclearer. Some recent instruments have the graduations engraved on thequartz of the compensator itself.
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same readings at any point of the scale. The double-
wedge compensation, consequently, enables the readings
of the saccharimeter to be checked throughout the scale,
as well as giving a check on the observation itself.

The greater complication and expense of the double-
wedge saccharimeter prevents its general use.

FIG. IO.—RECENT TYPE OF PETERS DOUBLE-WEDGE HALF-SHADE
SACCHARIMETER.

RK, Reflecting device for illuminating scale. G. Box inclosing wedge compensator.



ACCURACY O F S A C C H A R I M K T E R

M E A S U R E M E N T S

Weight. — Taking the limit of error of commercial labo-
ratory measurements as .1 per cent, it is clear that, as no
saccharimeter in general use has a normal weight of less
than 16 grams, weighings to .005 gram are certainly suffi-
ciently precise. The most appropriate balance for weigh-
ing sugar samples is a quickly working balance of the
necessary sensitiveness only. Indeed, the use of an ana-
lytical balance of high precision often leads to more inac-
curate readings, as many commercial samples contain so
much moisture that the loss by evaporation is considerable
if the weighing is prolonged.

Tube-length.—An accuracy of length to .1 millimeter
is obviously sufficient for all ordinary laboratory measure-
ments where the 2-decimeter tube is used. Tubes of stand-
ard makes rarely show errors of length as great as this.

Volume. — The cubic centimeter, according to the abso-
lute metric standard, is defined with sufficient exactness
as equivalent to the volume occupied by 1 gram of water
weighed in vacico at the temperature of maximum density,
4° C.1 Some saccharimeters are graduated for a normal
weight of 26.048 grams of sugar dissolved in 100 true
(absolute) cubic centimeters.' Almost universally the stand-

JThe term " imlliliter " has been applied to this unit to rlmtin̂ uinb it front
the cube whose edge is 1 centimeter.

39
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ard of volume used in saccharimeter graduation is the
cubic centimeter as modified by Mohr, which in this case
can be denned as the volume occupied by i gram of water
weighed in air with brass weig/its at a temperature of
iy.$oC. As the ioo-cubic-centimeter Mohr flask holds
100.234 true cubic centimeters, saccharimeters graduated
by the different standards vary in actual rotation magni-
tudes of the scale divisions by .234 per cent

This, if .not understood, will make confusion when sac-
charimeters of the two different graduations are compared
with reference to the actual magnitude of the divisions by
standard quartz plates, or, if the appropriate measuring
flasks are not used, in "polarizing" samples.

Evidently, flasks should be correctly graduated within
.05 cubic centimeter.

Errors of Instrument. Eccentricity. — In rotatory polari-
scopes, as in all instruments giving angular measurements,
errors are due to the axis of the rotating part of the appa-
ratus not being exactly coincident with the centre of the
circle on which the scale is graduated.

This error can be eliminated in instruments having
scales extending over the whole circle of rotation in the
usual way, by measuring the angle of rotation in opposite
quadrants, that is, taking the mean of a and a 4-1800, for
it will be remembered that the end-point phenomena
repeat themselves at points 1800 distant.

The " eccentricity" of a polariscope of good make is
rarely more than the -limit of error of the readings* but
occasionally the scale disks of polariscopes become bent
by some accident so that errors of more than 4
due to this cause*
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Errors of Quartz-wedge Saccharimeters. — The correct-
ness of the saccharimetric scale can be established at a
few points by comparisons with standard quartz plates of
known rotation.1 A much more thorough method of cali-
bration, which permits all points of the scale to be stand-
ardized, is by use of the " control tube." The control tube
is telescoping and is adjustable to variations of length
through a range of about 100 millimeters, its exact length
at any position of adjustment being measured by a scale
reading to .1 millimeter. As the readings of the saccha-
rimeter are directly proportional to the tube-length, it is
possible by means of a few sugar solutions of appropriate
strength to verify any reading.

Since the reading (R) gives the per cent (P) of sugar
when / = 2, v= 100, and zv1 is the normal weight (TV7*), the
equation for the per cent of sugar when any length of tube

is used is P=R -, and the reading for any length of tube

will be expressed by R=P~- If the normal weight of

chemically pure sugar is used, R = Knowledge of

the concentration of the sugar solution used is not, how-
ever, necessary, if the solution is concentrated enough so
that a length (Z) can be found which will by experiment
for the solution used give a reading of 100 on the saccha-
rimetric scale, the correctness of this point having been
previously verified by a standard quartz plate, since, obvi-

xThe values stamped on the plate mountings are not always reliable.
Quartz plates can be exactly standardized by sending them to the United
States Bureau of Standards, Washington, D.C., which does this work for a
small fee.
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ously, any reading (/?) will be given when the tube is of
r> r

a length , or the reading at any tube-length (/) will be
expressed by the following equation, R = —— Thus, the

actual reading at any position of the wedge can be com-
pared with that calculated by the formula.

Zero Error. — In common with most measurements,
polariscope readings must be corrected for "zero error,"
which is the difference in scale divisions between the scale
reading at the observed end point and the zero of the
scale, when observations are taken with no optically active
substance in the instrument.

Personal Errors of Observer. — In all exact measure-
ments, the influence of the personal errors of the observer
are diminished as much as possible by averaging the results
of several readings. In comparing the work of two ob-
servers, however, it must not be forgotten that consider-
able differences may be shown if the readings of each are
uncorrected by the zero error obtained by the observer
himself* The results, while differing appreciably in the
actual readings, should, on applying the zero corrections, be
found to be concordant. Each observer unconsciously
Uses a slightly different end point, which does not affect
the accuracy of his observations, provided the same end
point is recognized at zero and at the position of rotation
measured.

Distortion of Cover Glasses of Polariscope Tufces. — If the
caps of polariscope tubes are screwed on too tightly, so as
to produce a strain in the glass, the unequal distribution of
density i&ay cause a rotating affect on the light rays and
so make error. With the earlier forms of tubes, this was
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not unusual; but with the modern types, with fine-threaded
screws and soft rubber washers back of the glasses, error
from this cause is rare.

Laurent has devised tube caps with bayonet catch and a
light spring which makes it impossible to exert undue
pressure. Landolt accomplished the same object by caps
which are held on by the friction of ground joints. The
Laurent type is hard to keep clean and free from corro-
sion, while the Landolt tubes are more liable to leakage
than the screw cap, which is the most practical form and
almost universally used.

Variations from Standard Temperature. — Saccharime-
ters are graduated to read correctly at 17.5° C , it being
assumed that the solution is made up at the standard
temperature. Almost always the temperature of modern
laboratories is higher than this. The effect of this higher
temperature on the reading is a complicated one. The slight
increase in the reading, rarely amounting to more than a
few hundredths of a division, due to the linear expansion of
the tube, is partially compensated for by the slight increase
in volume of the flask caused by the expansion of the glass.

The greatest influence caused by temperature change is
on the specific rotation of the sugar, which decreases with
temperature increase. Andrews has found that when a
sugar solution is made up to the normal concentration and
polarized at a temperature greater than 17.50 C, the read-
ings are too low, in the case of a rotatory saccharimeter,
by-.00018 of their value for every degree of temperature
above the standard.

This assumes that all apparatus, flask, tube, and sac-
charimeter, as well as the water used in making up the
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solution, are at the same temperature. In the case of the
quartz-wedge saccharimeter, a greater error is introduced,
owing to the increase in specific rotation of the quartz
wedges by temperature increase.1 Andrews found that
the correction for quartz-wedge saccharimeters was .00030
per degree above standard temperature. Wiley2 has con-
firmed this latter correction more recently by an investiga-
tion covering temperatures from o° to 400 C. Investigators
of the United States Coast and Geodetic Survey had
arrived at practically the same correction value as early as
1890. The coefficient calculated from Schonrock's recent
values is somewhat higher.

It must be understood clearly that correction for tem-
perature can only be made when the temperature condi-
tions are co7istant. Especially in the case of quartz-wedge
saccharimeters, such corrections may be quite fallacious if
there is considerable temperature variation during the day,
as the quartz wedges, which are the parts of the instru-
ment most affected, assume the outside temperature very
slowly, owing to their thickness and poor conductivity.8

Constant temperature conditions are vital for accurate sac-
charimetric work.

Although these values for temperature correction seem
well established by careful investigation, they are disputed by
some, and have not yet been applied in commercial testing.

1 TecJmology Quarterly, 1889, p. 367. Id., p. yiZ*
2 / . Am. Chem. Soc, 1899, p. 568.
8 Variations of considerable magnitude occur in polariscope readings

caused by temperature changes apparently due to the displacement of the
optical parts by the expansion or contraction of the metal in the mounting of
the instrument. These manifest themselves in the zero error, which should
be frequently taken during temperature changes.
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Quart::plates, when properly mounted, always give con-
stant readings on the quartz-wedge saccharimeter at all
ordinary temperatures, provided that the quartz-wedge com-
pensator system and the plate are at the same temperature.
Obviously, the temperature changes affecting the rotation
will be alike in the plate and compensator. On this
account, quartz plates are the most convenient for standard-
izing this type of saccharimeter, as control-tube standard-
ization requires most careful temperature correction if the
sugar solutions are not made up and polarized at the
standard temperature.1

Most sugar chemists have adopted the recommendations
of the International Commission for Uniform Methods in
'Sugar Analysis, and agreed to make all polarizations at 2O°.

In the case of instruments measuring the angle of
rotation of the quartz plate directly (rotatory polariscopes),
the coefficient of increase of rotation for every centigrade
degree of temperature above standard is .000143.

1 Commercial saccharimeters used for valuing raw sugars and molasses are
usually standardized by means of carefully corrected quart/, plat CM of values
approximating within a few per cent the polarization of the sugar to be totted.
The reading of the plate given by the instrument is carefully corrected to the
true value of the plate, and this correction applied to the polarization of the
sample, the zero error being ignored. IJy thin method of correction, the dif-
ference in actual magnitude of the scale divisions of instruments graduated in
true or Mohr cubic centimeters is negligible, provided the readings of the
standard quartz and the sample polarized do not differ more than 4 or 5 per
cent, for in that interval a variation of less than .3 per cent in, say, 5 division*
would make an error of only .015, which is obviously well within the error of
observation. Kven a sugar polarization varying 20 division** from the standard
plate value, if the saccharimeter were standardized to that value independently
of its zero error, would be correct within .06; if, for instance, a Mohr eubic;
centimeter flask were used instead of a true cubic centimeter flask in making
up the solution.
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The scale of graduation for quartz-wedge saccharimeters
(almost universal throughout the commercial sugar world)
being that for 26.048 grams of sugar dissolved in 100
Mohr cubic centimeters (the original Ventzke scale), Herz-
feld has calculated the normal weight for this original
and standard scale, when the sugar is made up to 100 true
cubic centimeters ("milliliters ") and polarized at the more
convenient temperature of 200, to be 26.01 grams.

This calculation can be expressed by the following
equation:

N = _ ! 2 2 _ 26.048 [ 1 + (20 — 17.5 ).ooo 143]
100.234 j

(1 —(20— I7.5).ooo2i7)#

T h e part in the brackets represents the increase in
rotatory power of the quartz in the compensator of the
saccharimeter due to the difference in temperature between
17.50 and 200, necessitating a proportional increase in the
normal weight. The last member in the parenthesis shows
the decrease in rotatory power of the sugar caused by the
higher temperature.1

The International Commission has decided to use the
even value 26.00. The difference of .01 gram, amounting
to .04 per cent, maybe of no consequence in ordinary com-
mercial work, but is hardly in accord with the recom-
mendation of the Commission to weigh all samples to .001
gram, or to .004 per cent

The official saccharimetric standard adopted by the
United States Customs2 is 26.048 grams, weighed la

1 Zeitschr. Analyt. Chem. 38, A. Y. u. E. 22.
2 United States Treasury Document No. 2113, Division of Cttstoms, p. £&
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vacuo, and dissolved in 100 true cubic centimeters, all
solutions being made and polarized at 17.5°.

Apparently all Schmidt and Hansch saccharimctcrs
sent to the United States subsequently to about 1892, and
having a serial number above 3200, are graduated for
26.048 grams of sugar in 100 true cubic centimeters to
conform to this standard. (See footnote No. 2.) The
Peters saccharimetcrs examined by the author have been
standardized on the original Vcntzkc scale.

Special errors peculiar to commercial saccharimetry will
be discussed under the descriptions of commercial sugar
polarizations.



G E N E R A L N O T E S ON A P P A R A T U S A N D

L A B O R A T O R Y M A N I P U L A T I O N

Installation. — The laboratory for polariscopic testing
should be kept at as nearly a constant temperature as
possible, preferably 20°, and therefore be well ventilated,
and of sufficient size not to be affected by the heat of
lamps. Polariscope apparatus should be so installed that
the observer is screened from outside light.

This is done sometimes by placing the polariscope in a
separate darkened room, the light passing into the instru-
ment through a hole in a partition from a lamp outside,
appropriate means of illumination of scales being by re-
flectors or small electric or gas lights. The more con-
venient method is to place the apparatus in a large, well-
ventilated hood, so located in a shaded part of the room
that the direct light cannot enter, the necessary illumina-
tion being arranged as described.

The polariscope should be screened from the direct heat
of the lamps by glass plates or, better, absorption cells
filled with water.

Care of Instruments. — Like many instruments of preci-
sion, polariscope apparatus is extremely sensitive to de-
rangement from careless handling. Polariscopes should be
disturbed as little as possible beyond the usual manipula-
tion of testing. Nicol prisms, from the nature of their
material, are peculiarly liable to injury. Calc-spar, being

48
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much softer than glass, is easily scratched by careless
handling or cleaning. Its peculiar crystallization makes it
liable to split from rapid changes of temperature, as in
overheating by placing the instrument too close to the
lamp. Calc-spar is easily corroded by acids caused by
fermentation of sugar solutions carelessly spilled in the
instrument. With proper care, polarizing apparatus will
last a lifetime. As the accuracy of the sugar chemist's work
is dependent on the precision of the instrument, daily prac-
tice in such care as will insure this precision is obviously
a necessary part of the knowledge and duties required of
every worker in a sugar laboratory.

Handle the instrument with clean hands. See that the
flame of the lamp is about 200 millimeters (the length of
an ordinary polariscope tube) from the end of the instru-
ment. This avoids overheating, which not only endangers
the prisms, but throws the instrument out of adjustment.
With most types, it also insures an evenly illuminated field
of maximum brightness, as the foci of the condensing
lenses are adjusted for this distance. Only when absolutely
necessary, clean lenses, quartz wedges, and cover glasses
with perfectly clean filter paper or linen cloth, never with
silk or chamois, as the rough surfaces of these fabrics are
liable to hold grit. Always rub very lightly. In cases
where the edges cannot be reached, remove dirt very
carefully with a clean, pointed stick of soft wood, as a
toothpick.

Clean Nicol prisms with special care, and only when
absolutely necessary. In the best instruments, Nicol prisms
are protected by cover glasses where they would other-
wise be exposed.
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Polariscope Lamps. — Many forms of sodium-light lamps
have been devised. Most of them use ordinary table salt,
which is best adapted for the purpose, the other common salts
of sodium not volatilizing so readily, and consequently giv-
ing less intense light. Sodium carbonate works reasonably
well, but causticizes to a considerable extent, forming a
corrosive liquid which drops down and fouls the apparatus.
Sodium bromide is said to produce a more intense light
than the chloride, but gives off bromine vapors which are
liable to injure the polariscope. Landolt uses cylinders
of salt which are fused on small forms made of nickel wire
netting. Wiley has devised a clockwork lamp by which
the salt is fed into a Bunsen flame from opposite sides by
means of two slowly revolving wheels of platinum gauze
which clip into dishes holding a salt solution. The author
has preferred the ordinary type of lamp, which consists of a
Bunsen burner so adjusted as to burn with as strong an
air blast as possible, this being a requisite for any lamp
giving intense light. The salt is exposed to the flame in a
platinum or nickel gauze spoon, which is heated in the
mantle just outside the luminous cone,—the hottest part
of the flame. The intensely bright yellow sodium vapor
is then carried by the blast well above the blue cone of the
flame, the light of which latter should be cut out of the
polariscope field by a diaphragm attached to the lamp. A
mixture of table salt with sodium phosphate, as recom-
mended by Dupont, fuses upon the gauze and does not de-
crepitate as salt does alone. A mixture of these powdered
salts made into a paste with a little glycerine has been
found very convenient for applying to the gauze with a
small platinum spatula.
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Quite recently the author has adopted a simple type
of sodium lamp which has proved by far the most con-
venient and efficient. A shallow boat, made by folding up
a rectangular piece of platinum foil and welding together
the ends by hammering at a red heat, is used to hold the
salt The boat is of such shape as to spread the flame of
a Tirrill burner, which impinges against the polished plati-
num, after the manner of a batwing flame. The salt which
is liquefied creeps up the sides of the boat, and is vaporized
in the flame sheet, giving a very brilliant and steady light
which lasts for fifteen minutes or more without renewing
the salt.

The flame shoots off obliquely, thus exposing more light
surface in the axis of vision. From time to time lumps of
salt (which have been previously fused) are added till the
boat is again filled with liquid.

The diagrams explain the apparatus, the exact adjust-
ment of the position of the
platinum boat being easily
determined by experiment.

A m o r e e l a b o r a t e b u t
somewhat more efficient
boat for holding the salt is
shown in Figure 12. A piece
of platinum foil is folded
double in such a way as to
make a double-bottomed
boat, the edges of the folded
sheet making a narrow slit
along one edge of the boat.

wSide Section
FIG. 11. Front

A Boat. D. Yellow flame.B. Burner-tube. F. Diaphragm-opening.C. Blue flame cone.
The inner bottom is.perfo-rated. In this form the liquefied salt rises by its capil-
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larity to the mouth of the slit and is taken by the strong
blast of the lamp up into the flame in a brilliant sheet.
Such an arrangement has given a constant light for an
hour without replenishing.

The platinum boats must not be too large, or the mass
of metal chills the flame and reduces the intensity of the

anĵ Boat light appreciably. It may be needless
to add also that the burner must be
working with as strong an air blast as
possible.

Most polariscopes are equipped with
a plate of potassium bichromate crystal
to filter out extraneous rays. Landolt

Side Section of , ,. 11 /~n i -,i
BoatandBamec USes an absorption cell filled with a

FIG. 12. weak solution of this salt, and a second
cell containing a solution of uranous sulphate.

For the quartz-wedge saccharimcter, any strong lamp-
light serves. The Welsbach light is particularly good.
Where gas cannot be had, Welsbach burners can be
obtained which use vaporized kerosene on the type of the
"Washington" light.1 Acetylene and incandescent electric
lights are often used. Schmidt and Hansch have per-
fected an electric light which can be attached to their
saccharimeters. This is of small size and, while giving
light of great intensity, produces very little heat.

Balance. — For ordinary polariscope work, a quick-work-
ing balance with a capacity of 200 grams and sensitive to
.005 gram is preferable to the more precise analytical type.
It should be inclosed in a glass case. Such balances,
known as " sugar balances," are made by all the leading

1 Used by the writer in Porto Rico.
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manufacturers. They are also best adapted for calibrat-
ing most volumetric apparatus. A "tr ip scale" with a
capacity of 2 kilos and sensitive to .1 gram is indispensa-
ble for many of the
laboratory opera-
tions incident to
preparation of so-
lutions and cali-
brating the larger
volumetric appa-
r a t u s ; whi le , of
course, many of
the more delicate
weighings of exact

FIG. 13. — SUGAR-BALANCE.
density determina-
t ions a n d o t h e r
gravimetric measurements require a delicate analytical
balance.

Sugars and other non-corrosive substances are usually
weighed out in nickel or German silver dishes provided

with a lip for pouring.
These dishes are numbered
and provided with a cor-
r e s p o n d i n g l y numbered
tare weight The sub-
stance is either dissolved
directly in the dish by rub-

bing the crystals under water, using a metallic pestle,
or washed into the measuring flask, the former being the
usual method.

In saccharimetric work, either the normal or half-normal

FIG. 14.—WETGHING-PISH AND TARE
WEIGHT.
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weight is taken, brass weights of this value being furnished
with the saccharimeter. The half-normal weight is only
used when the sample makes a datk solution not readily
clarified, and consequently difficult to read in the polari-
scope, such as a low-grade molasses, for instance. [For
Manipulation of Polariscope Tubes, see p. 91.]

Flasks. — The ioocubic-centimeter flask is the one
most conveniently used. Practically all commercial sac-
charimeters are graduated for solutions made up to 100
Mohr cubic centimeters, the unit of which has already
been defined as the volume occupied by 1 gram of water
at a temperature of 17.50, weighed in air with brass
weights. Recently there has been a strong movement
on foot among the chemists of all nations to use the true
centimeter as the basis of measurement. [See p. 46.]

Special Laboratory Apparatus. — Short-stemmed funnels
of a capacity of 75 to 100 cubic centimeters have been
found most convenient for filtering solutions for polarizing.
These funnels are placed directly on heavy glass cylinders
for receiving the filtrate, thus obviating a separate filter
stand. The cylinders have a lip for pouring, and, most
conveniently, a capacity of 100 cubic centimeters. Watch
glasses are used to cover the funnels to prevent evapora-
tion during filtering.

Besides the ordinary ioocubic-centirneter flasks, those
vith a double mark on the neck, one at 100, the other at
10 cubic centimeters, as well as similar ones marked at

jo and ss cubic centimeters, are used in special operations,
to be described later.

Clarifying reagents, such as basic lead acetate, are pref-
erably stored in large bottles arranged with delivery tubes
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for convenience in using. The delivery tube should be
connected with a coarse burette, or, what is more cleanly,
a graduate used so that the volume of the reagent added
is known with fair accuracy. This is important in some
cases where corrections are to be made for errors caused
by clarifying.

A similar tubulated bottle of large capacity should be
provided for the water used in making up solutions which
thus can be maintained at laboratory temperature. A
convenient arrangement is to equip the bottle with two
delivery tubes, one for quick delivery, the other a fine jet
for filling flasks to mark.

Other apparatus, such as a muffle for ash determinations,
drying ovens, etc., need not be considered here, as it differs
in no wise from that used in general food chemistry.

Immediately after use, all glass apparatus, as well as
polariscope tubes, should be washed in running water and
placed on racks to dry. This insures a sufficient supply
of clean and dry apparatus at all times.

Brix Spindles. — Brix spindles1 are most conveniently
made in the following sizes: 0-5, 5-10, 10-20, 20-30, or
with a range of not over io° for the higher concentrations,
They should be equipped with thermometers, and not be
too large for convenient use, not over 12 or 14 inches long.
The graduations should be of sufficient size to permit of
easily reading to .1°. If the expansion corrections for
17.5° are marked on the thermometer scales, they should
be figured for the middle Brix reading; for instance, for
a 10-20 hydrometer the expansion corrections .should be
for 150.

1 Described on p. 117.
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A draining rack with holes for holding the spindles
should be provided, or pockets made of copper gauze,
which are very convenient.

Calibration of Flasks. — Weigh the thoroughly cleansed
and dried flask to .005 gram. Weigh again when filled to
the mark with freshly distilled water of known tempera-
ture. The volume of the flask, in Mohr cubic centimeters,
can be computed from the following formula:

v = p4-[i - .000025(7- 17.5)] ;

where v expresses the desired volume at 17.50; P, the
weight of water in grams which fills the flask to the gradu-
ation mark at the temperature / ; d, the density of water
at 17.50 C.; and df the density of the water at temperature
of weighing. These density values are obtained from
tables. That part of the equation which is inclosed in
brackets expresses the correction on the volume caused by
the expansion of the glass of the flask, and is small enough
to be omitted for ordinary calibrations made at room tem-
peratures.

Flasks for commercial saccharimetry arc usually gradu-
ated by reading the lower edge of the meniscus of the
vater surface tangent to the upper edge of the graduation
lark on the neck of the flask, when the whole of the
ieniscus is shaded. This is done by holding the flask up
> the light with the mark on a level with the eye, or Iook-
ig at the mark against a background, made by a piece of

tfhite paper, held in strong light a few inches back of the
flask. Care must be taken to have the flask neck perpen-
dicular if the flask is held in the hand while reading the
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mark, as well, of course, to be sure that the neck above the
water surface is perfectly dry. If there are adhering drops,
they should be removed completely with a wisp of filter
paper.

True cubic centimeter flasks, as has been stated already,
are graduated on a unit which is the volume occupied by
1 gram of water weighed in vacuo at its maximum density
(40). The weight of the air displaced in the space taken
by the water is only partially balanced by the air displace-
ment of the weights in the other pan of the balance, as the
volume of the latter is less than one eighth as large, owing
to their greater density. In consequence the actual mass
of the water weighed is expressed by a value somewhat
more than . 1 per cent greater than its apparent weight in
air. It can be shown that the true mass of any given
volume of water can be found from its weight in air with
ordinary weights by the formula,

where W is the weight expressing the true mass; P, the
weight actually found by weighing in air by the ordinary
method; <r, the density of air, taken as .0012; S, the den-
sity of water, taken as 1.00; and A, the density of the
balance weights, taken as 8.4. With these values, which
are approximate enough for flask calibration, the value of

<r(\ — — 1 is .00106.

Moreover, as the water weighed at any temperature
other than 40 is less dense, its volume is greater than at
the standard temperature.
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Hence, the complete formula expressing the v^htmv of
a flask in true cubic' centimeters at 20"' when the water
it contains is weighed in the ordinary manner at the
temperature /, is

v~ ~*(P -I .00106 P)\ 1 - .00002 5 (/ - 20> ] ;
d

where t/4 is the density of water at 4' , and //' t h e density at
the temperature it had when weighed.

The ioo Mohr cubic centimeter flask used m .saccha-
rimetry has a volume of 100.234 tnt? cubic rrntimeterst.
The 100 true cubic centimeter flask contains 99.766 Mohr
cubic centimeters.

Flasks should be numbered (conveniently, by marking on
the neck with a diamond)and their calibrations recorded.

Observations. — Before taking readings see t h a t the field
and the scale are properly illuminated The field should
be as evenly and brightly lighted as possible a t the end
point, and its image sharply focused. T h e image is
focused by moving the eyepiece in or out in itn telescop-
ing sleeve.

A perfectly defined field is vital for precise reading.
Before adjusting focus and illumination in shsuUiw instru-
ments, first turn the analyzer (or in quartz-wedge compensa-
tion instruments, the wedge pinion) HO that the scale reads
some divisions from avro to get the full volume ut light
After placing the tube of solution in the instrument, the
focus must be readjusted.

Every effort should be made to have solution» for polar-
ization absolutely clear. It Ls advisable to filter solutions,
even if made from pure substances, as even a utight opal*
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escence due to minute traces of foreign matter affects the
definition of the image and consequently seriously affects
the precision of the readings.

Practice rapid readings, averaging the results of several
rather than fatigue the eye by long observations. Rapidly
taken readings, if taken with can\ are more accurate.

The room temperature, which should be the temperature
of the apparatus and solutions, should be recorded at the
time of observation.

End Point — (Shadow instruments.) After setting al
zero (by the scale), manipulate the instrument so as to
move the shadow slightly from one side of the field to the
other several times, confining the attention to the central
vertical line. Take the point of transition of tiut shadow
across this line as the end point is approached from opposite
sides of the field in different observations. This is theoreti-
cally the same point as that found by setting the instrument
for equal illumination of both halves of the field, but is
easier for most observers. This method also enables ac-
curate readings to be taken in certain cases where tlusl,
faulty illumination, imperfect adjustment of prisms, or dis-
persion variations (in wedge saeeharimeters) make it im-
possible to get both halves of the field to look exactly alike*.
Of course the field will be equally illumined, in the caw
of a shadow instrument, when there is a rotatory effivt
approaching go0 from the true end point, but no ahaclow
effect will appear, as already noted. The genera! approach
toward the true end point will be shown by the rapid
darkening of the field as a whole.

If separate scale lights arc used, they should lie kept
turned off except when reading the scale, to prevent heat*



GO Air.YkATUS AM) I.AIMiU.YTnKY M.W II'l "I. Vl'h»N V >I IS

in# the instrument. Any outside ^ lit re als«> quirk iy im»
pairs the sensitiveness of vision in pra-i.se vurk.

In beginning work with an unfamiliar instrument, .set
the scale at ,yi'/vf and study the chan^rs of Ik*Id about this
point. This is better than hunting blindly for what y«*u
may not recognise, -with possible injury to your i»yi*si^lit
if not to the instrument. It is especially important l»>
make this zero setting when smiie unusual end point is
observed, as in the Wild pol&risrupe.1

Scale Readings. — Always corrert for "yr ro crrt»r" (the
difference between the end point observed as n:;ul u» the
scale and the zeruof the scale), noting whether this is plti»
or nuiius. In case /.ero error is nut hr^e, it is In-tter to
allow for it in calculations than to attempt tn brin^ the
scale into perfect adjustment with the end point. Frecjueiii
determinations of zero error should l>o rnadi*, espucblly if
the temperature is changinp;.

Take the average of at least six readings for all exact
work, rejecting the first reading if it shows tnurh disirre|>-
ancy from the others, or any other nf the scries which \n
clearly wrong, rnvin^ to sonic fircutnstance peculiar tr> that
individual observation, and not affecting ttic cithers of the
series, as, for instance, eye fatigue, which panne**away after
a moment's rest

All saccharimcter scales arc expressed in percentages
and tenths. Pokiriscope* measuring rr^tatmns directly, ̂ *?c-
ccpt a few of most recent type, give reading* in ciegreci
and minutes. Saccharinmeter ncaleft arc gnuhtatoi into
divisions expressing per cents, rotatory scale* into halven

1 Special nutm on the une ot Irn*tr«ttii?nt< wf «!if(rr«nt \y\H* »rcr givvn if)
next chapter.
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or th i rds of a degree. In both cases, values smaller than
these graduations, expressed as fractions of the smallest
scale division into which the scale is actually graduated,
arc determined by " verniers." A vernier, so-called from
its inventor, a French mathematician, is a device for read-
ing fractions of the smallest division of a scale. In the
form used in polariscopes, it is a sliding scale parallel to
and extending along the main scale, graduated in both
directions from the zero line which is the index mark
w h o s e position the main scale measures.

Kach half of the vernier scale extending from the zero
m a r k has a length which is, measured in smallest divisions
of t h e main scale, one less than the denominator of the
fraction which the vernier is designed to determine, while
this length of the vernier scale is itself divided into just
t h e number of parts which express this denominator.

F o r instance, a vernier designed to divide a scale divi-
sion into ten equal parts is itself nine scale divisions long,
bu t is divided into ten equal parts. Hence in this example
e a c h vernier division is •£$ of the main scale division. If
t h e zero line of the vernier (which, it must be remembered,
is always the index or point of reference of the main scale)
does not coincide with a main scale division, but is distant
~ui> evidently the first line of the vernier scale will coincide
with the next main scale division line. If the zero mark
is distant tzvo tenths of the main scale division interval
from a line, the second line of the vernier scale will coin-
cide with a main scale line, and so on.

T h e following rules can be given for vernier readings :
( i ) First determine the fraction of the scale divisions

which the vernier expresses, by actually counting the
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n u m b e r of d iv i s ions of t h e v e r n i e r s ca l e , in e i t h e r d i r e c t i o n

f r o m z e r o .

( 2 ) S t a r t i n g f r o m t h e z e r o of t h e v e r n i e r a n d r e a d i n g in

t h e d i r e c t i o n of t h e m a i n s c a l e r e a d i n g s , t h e n u m b e r of

t h e l i n e of t h e v e r n i e r s c a l e ( c o u n t i n g f r o m z e r o ) w h i c h

c o i n c i d e s w i t h a l i ne of t h e m a i n s c a l e g i v e s t h e n u m b e r

of p a r t s of t h e s c a l e d iv i s ion w h i c h t h e inclex ( z e r o l ine

of v e r n i e r ) m a r k s .

H e n c e , in t h e c a s e of a v e r n i e r r e a d i n g t e n t h s , if t h e

z e r o l i n e of t h e v e r n i e r l ies b e y o n d t h e twenty-sixth m a i n

s c a l e d iv i s ion , a n d t h e seventh l i ne of t h e v e r n i e r c o i n c i d e s

w i t h a l ine of t h e m a i n s c a l e , t h e r e a d i n g will b e 26 .7 .

20 30 40 ,

( ) 1 f 1 \ f 1 1 f 1 f I T "Pi 1' I 1 1
! J 1 1 - T J T T

I I I I I I M I 1

10 0 10

FIG. 15. — VERNIER READING 26.7.

W h e n t h e ze ro l i n e of t h e v e r n i e r l ies o n t h e minus s ide

of t h e sca l e , t h e l i n e s of t h e c o r r e s p o n d i n g s i d e of t h e

v e r n i e r a r e r e a d . O n r o t a t o r y s c a l e s of p o l a r i s c o p e s in

c h e m i c a l l a b o r a t o r i e s v e r n i e r s u s u a l l y r e a d to e v e n min-

u t e s on ly , half d e g r e e d i v i s i o n s b e i n g d i v i d e d i n t o fifteen

p a r t s , t h i r d s of a d e g r e e d i v i s i o n s i n t o t e n p a r t s . I n r e a d -

i n g r o t a t o r y s c a l e s t h e n u m b e r of d i v i s i o n s m a r k e d b y t h e

z e r o of t h e v e r n i e r is first r e a d a n d t h e n e x p r e s s e d in

d e g r e e s a n d minutes. N o t u n t i l t h i s is d o n e s h o u l d t h e

v e r n i e r b e r e a d a n d its* r e a d i n g a d d e d . S t u d y s y s t e m of

d i v i s i o n t i l l y o u t h o r o u g h l y u n d e r s t a n d it b e f o r e t a k i n g

r e a d i n g s .

I n rotatory i n s t r u m e n t s , t h e d i r e c t i o n of r o t a t i o n is a b s o -
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lutely determined for rotations less than 1800, but in the
case of a quartz-wedge saccharimeter, where the actual
direction of the scale readings has no direct reference to
that of the rotation of the plane of polarization, the plus
direction of the scale is sometimes to the right and some-
times to the left. In most commercial saccharimeters, the
plus direction is to the right; in some of the old instruments
and in double-wedge compensation saccharimeters, it is to
the left. An inspection of the scale will always make
clear which is the plus direction of the readings, for, as
the scale is designed for measuring sugar, a right (plus)
rotating substance, the long end of the scale will be the
plus.

Form the habit of checking all observation by taking a
final reading of the large divisions, independent of the
vernier reading. This practice will often detect errors,
as an observer naturally tends to concentrate his attention
on the morfe difficult vernier reading, and, becoming care-
less of the reading of the main scale, often repeats an
error once made throughout the whole series of readings.

Calculated results and averages should be carried to one
decimal beyond that expressing the limit of scale reading,
following the usual practice of physical measurements.

Calculation of Errors of Analysis. — It would seen super-
fluous to call attention to the importance of calculating the
influence of the errors of measurements on the accuracy
of polarimetric determinations, were it not that there is
abundant evidence that a " profound ignorance " of the
elementary principles of the precision of measurements is
prevalent among chemists. Much valuable time can be
saved and procedure simplified in many cases, if preliminary
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calculations of precision are made. Further, with positive
knowledge of the limit of precision of all measurements,
any uncertainty is reduced to a chance accident or some
error inherent in the method.

It is obviously bad practice, for instance, to calibrate a
ioo cubic centimeter flask on an analytical balance when
it is practically impossible to read the meniscus to a differ-
ence corresponding to less than a centigram (and this dif-
ference, moreover, representing-an error of .01 percent),
leaving out of consideration the fact that with the case
filled with moisture, the balance is for some time quite
unfit for its necessary uses, as for weighing freshly ignited
substances, like ash. It is also easily demonstrated that
it is absurd to weigh the normal weight of sugar to milli-
grams, as recommended by eminent authority.

The discussion of errors of saccharimetric measure-
ments given in the previous chapter Will illustrate the
investigation of errors of measurement of a polarimetric
method.

Notes. — Another vital point in chemical practice which
is much neglected, and one not so easy to acquire proficiency
in as it would seern, is that of. making complete and accu-
rate record of all the experimental data of a n analysis.
Much valuable work is lost yearly through neglect of proper
recording, necessitating a large expenditure of time and
labor in repetition. On the other hand, the accurately
detailed results of the chemists of fifty years ago are often
as valuable as the work of to-day, owing to the complete
notes of data which make it possible to recalculate the
results by the constants which accord with modern theory
and practice.
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In polarimetry, owing to much use of constant values of
measurement and the mechanical nature of many of the
methods, there is more temptation to take data for granted
than in procedure where measurements peculiar to each
determination make record absolutely necessary. The
laboratory records of polarizations should, nevertheless,
show exactly the value of each datum. The tempera-
ture at which the solutions are made and polarized, as
well as the amount and nature of the clarifying agents
used, should b2 recorded also, as these items may well
be of consequence, especially in sugar analysis, in the
future. The test o'f the value of a set of notes might be
put as follows, —that at any time in the future they prove
complete enough to enable an independent worker with a
knowledge of the literature of the subject to duplicate the
original determination exactly.

Where large numbers of determinations are made by a
uniform method, much time can be saved by the use of
printed blanks in which appropriate spaces are allotted
for data. Any important omission in the record is evident
by a glance. Illustration is given of such a blank used by
students for records of data of a series of twelve practice
determinations in polarimetry. In complicated calcula-
tions, such as in the complete determination of hydrolyzcd
starch products, such blanks, printed or made by hekto-
graph or similar process, are particularly valuable. The
computations are greatly simplified by printing the loga-
rithmic constants of calculations in appropriate tabular
form, while in addition there is the important advantage
already mentioned, that data, always recorded in. definite
places, can be read at a glance.
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

OPTICAL ANALYSIS OF SUGAR

No

Date Determination

Instrument Light

Test /

Brix t Brix (corrected) Sp. Gr

w' N- v /

Test: Zero Error :
Flask No

Calibration

Av Av Correct reading..

Instrument Light

Test t

Brix /, Brix (corrected) Sp. Gr

w' N. D /.

Test: Zer6 Error :
Flask No

Calibration

Av Av - Correct reading-

Result of Tests:

(Signed)



APPARATUS AND LABORATORY MANIPULATION NOTES 67

This blank is introduced here merely as an illustration
of one applied to a special series of determinations many
of which require two separate polarizations and some of
which, as glucose and quotient of purity determinations,
require Brix or density measurements. As suggested, it
is advisable to have data of clarification also. A better
title would be " Polarimetric Analysis," as investigation of
tartaric acid is also included.



N O T E S A P P L Y I N G TO SPECIAL INSTRUMENTS

(To be read in conjunction with the General Notes)

A. ROTATORY POLARISCOPES

The Laurent Polariscope. — See that the lamp is properly
adjusted to give an intense flame. The air valve (V) should
be regulated to give a strong blast, making the blue cones
of the inner flame as low as possible. The gauze basket(^)
holding the salt mixture should be parallel to the flame
cones, and be just outside of them, in the hottest part of
the flame. If care is taken in this adjustment, the upper
part of the flame will be a very brilliant yellow from the
incandescent sodium vapor. The salt must be applied
every few minutes. The flame should be about 2 decime-
ters from the end of the polariscope, the length of an ordi-
nary polariscope tube, as the condensing lens (B) is
properly focused on the flame at that distance. (See
description of improved lamp in previous chapter.)

Turn the analyzer by pinion G till the scale (observed at
N) reads some degrees from zero, so as to get a bright
illumination, and focus sharply with the eyepiece (0) on the
luminous disk made by the image of the diaphragm open-
ing (D) bisected by the quartz plate.

Turn the analyzer to zero, and raise the lever (U) on the
left, behind the scale disk1 (C), till just enough light passes

1 In some polariscopes of the Laurent type, especially the German instru-
ments, the adjustment lever of the polarizer is directly over the prism, its
movement being measured on a graduated scale.

68
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to make a well-defined image in which the shadow changes
are easily discernible. This gives maximum sensitiveness.

•Determine zero error at o and 1800, if the graduation of
the instrument admits of readings in opposite quadrants.
If the "eccentricity " of the scale is shown to be less than i '
in readings taken at different rotations, observations in the
opposite quadrant can be dispensed with henceforth. In

Via. iO. •—LAI'KKM Pt»i.AKis<:<»i'i-: ASI» Sotm-M I .AMI*.

the larger instruments, the angular-degree scale extends
entirely around the circle, the saccharimetric scale being
in the upper half of the circle, concentric to it. In
the smaller instruments, the degree scale is in one half of
the circle, the saccharimetric scale in the other. Study the
scales carefully till the graduation is thoroughly under-
stood.

Avoid turning the adjustment pinion (F) on the eyepiece
tube, as this is intended for adjustment of the analyzer
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with the scale, and moves the prism independently of the
scale.

The angle which the plane of polarization of the polar-
izer makes with that of the Laurent plate should not be
too small, for not only the dimness of the l ight at the end
point prevents distinguishing with precision slight differ-
ences of shade, but, inasmuch as the small amount of stray
blue rays which pass the bichromate plate a r e not so com-
pletely extinguished, if at all, at the end point, owing to
their unequal refrangibility, these may predominate to such
an extent when the sodium light is too far reduced by
defective working of the lamp or by an excessively small
angle between the planes of polarization in t h e two halves
of the field, as to change the " optical centre " of the light
and make an error of some minutes in the reading. An
angle of 2-40 to the quartz axis (which is one half of
the angle of tilting of the planes of polarization) is small
enough for most accurate measurements in t h e work of the
chemical laboratory. This angle can be measured roughly,
but with sufficient exactness for the purpose, by noting the
reading of the scale at which one half of the field is blackest
when the analyzer is turned a few degrees from zero.

If the lamp and instrument are properly adjusted in the
manner described, bright extraneous light excluded, and
the direct rays of the "blue light of the flame cones of the
lamp cut out of the field by a diaphragm, as they are in
every properly designed lamp, no error will b e introduced
in readings certainly as great as 350 within the limit of
precision (i f) of the ordinary laboratory instrument.

These notes on the Laurent polariscope apply also to
the shadow instruments using the Jellet-Cornu prism and


