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‘Laboratory Interferometer equipment:

TUnvacking and setting up of the mechanism:
Descriptiong
~ -measurement principle
-interferometer
=~test chambers
-reading orocedure
Preparation for use: .
= -connection to light source
-setting up lighting

General work rules

* -physical basis for chamber length determination
=choice of the comoarison substance
~determination of the zero pzint
-measurenent procedure

Tork method for gas tests.

= -placing the gas chambers
-prevaration and+«fillinz of a gas sample
-measurement, of streaming gases
-specific absorbents for individual gases

Voork method for liquid tests - . ¢
-placing of the temnerlng trough and of the chambers
-prepnration and filling of a gas sample
-cleaning the liquid chambers

Calibration of the interferometer for measurement evaluation .

- «instrument celibration
-calibration for the matter to be measured
~empiric calivration
-calibration through calculation
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1, lLsboratory Interferometer Equipment

1, Basic equimment for gas messurement
Laboratory interferometer including 2 stands with columns snd
bage, without chambers
Four way faucet ,
Transformer (220/6V 2,2% with connecting cables)
Two spall lamps FOV 1,87 (a3 & spars) .
Carry case for the }.abaratory interferometer

i 2, EBasie equipment for measuring geses and liquids

5 : : Basic equipment as given in 1

T Tempering trough and mixer

__ ____ ‘Thermomscter 0 1o 506 gredution velue 0.1 with ealivtration
container for 4 1iqu§.d chaxbers

3 Chambers according to use
Two sectlon glass chambers for gas
100 e long wi‘bh receptacle
50
25 u
lo i

. 1, f}laéa 1liquid chambers for layer thickness
& 2008
40 nm

20 mm

10 o

10 zn with insertion for 1 mm lsyer thickness
5 mm
5 wm "

2. Unpacking and setting up of ithe mechanism

The interfercmeter is pasked in g long carry cass with its stend,
"~ after tie 1id has been unscrewed, it i3 placed next to the case, ready %o
receive the apparatus, which, only atiached %o the lone tubular body, is
first taken out and placed on the twe felt covered supports in the 1id,

Ons then joins the seectlona of the supports (rods and bases) which are
located in the bottonm and on the side wall of the cagse, and they are placed
at approximately 1 m distance in the center of & 2 in, long work itable, and
the instrumeat is csrefully placed in the forks, The czsge is taken away at
thias peint, The ordered gas chambers sre to be found in diffareat containers;
a container with 4 spaces is anticitated for liguid chambers, It is imperitive
to conserve not only these containers but also the interferometer carry camse,




3. Description
3.1, ileasurement principle

The appearance of licht interference, which is caused by
neasurement of diversion differences in gases and fluids, results from the
following apparatus adjustment:

The light ray stemming from a light -source (1), a miaute bulb 6V 1,81,
lights up the crack (2) and continues narallelly after filtration throuszh
the Kollimotor-objective, Light distortion sets in on the edzes of the
thick double-diaphragm (4) located behind the objective. The lower half of
the light ray, which cross the area beside the chamber (5), are led irnto the
distance cone (9) producing in the lens (10) the set lower interference stripe
system, The upper section of light rays rnass thiough the double chambers (5)
and the compensator plates (6, 11) and also throurh the distance cone and apoear
in the lens as the upper, mobile stripe system, Both stripe systems are moved
by means of an sssistance plate, }n & fine horizontal line.

If the light break is very different in the media found in the two chamber
halves, & phase disnlacement sets in in the upper nalf of the licht ray, which
depending on the dimension of braak variation, results in a complete disappear-

ance (a Fig, 2) or a more limited variation (b) of the uoper interference stripe
systenm,

As one changes the slant of the comvensator plate (6 Fig, 1) the light

path becomes longer or shorter resulting in an equation of the variation of
the upper strive system (c Fig, 2),

The two interference stripe systems are brought to equal vositions and
similer picture by means of & crank on the coupensator plate (6 Fig, 1), which
is moved by turning the measuring cylinder (8), The value of the displacement
is read in two sections and gives the measurement of bresk deviation betveen
the test and control material,

The movable compensator plate (6) on a level with an immovable compensator
olate (11), brings the interferometric measuring to zn exact zero method; the
light rays are identical for equal media in both chamber halves, i,e,, they
reach the view point in a the same swinging phase, The readings on the cal-
culating cylinder are only to be read from this »oint, the zero point,

3.2, Interferometer

Fig, 3 shows the exterior construction of the laboratory
interferomnester, consisting of distance tube, tube body with tos and Xollirotor.
The Xollimctor orotective cap also includes the lichting coulpment,, The other
optical parts of the instrument ere stronsly bullt into the interior of the
tube body, They have been individually described in the clarification of the
measurement princinle in connection with Fig, 1
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The gag chambers %g%f tamperinz trouwhs for 1i5uid chambors,(-éf'tg
boin? pleced in the tube, ars secured by means of a set screw, Thesze
accessories ure interchanveable, One may therefore cowplete a zss-interfsro-
meter by adding the necessary sections for liguid ta..ts.l An extras adjuste
ment is necessary after sddition of a tempering trough,

S

3.3, Test chembers

&3 the gases and liquids to be measured, very frequently
contain acids, the test chambers zre only produced out of glass with welded
windowa, The parallelity of the window plates im therefore established by
the most accurate test methods, Bscause of the great sensitivity of the

terferomatrie medgure methed and to retain constant work results, it is i
very necessary constantly %o use the chambera, in a position marked by & red
dot on the osular side, while taking great care during insertion inko the
instrument,
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(Details given in 6,1 and 7.1) The position of all chambers has been
worked out and attached in a way o be able 10 make future improvements
without having to send the nechanism bhack,

@ a3 charbers are available as two sectlon chambers in lengths of 100,
50, 25 and 10 o, The gas is introduced by means of furnished glass suplings,

-+ which are introdused intc the chambers by means of conileal filed ends, and '

@ -where possible, are stoppsd up with paraffin, The atbtachuents for the 100=to~ i
50 em chaxbers protrude through gaps in the 1id when the tube is clossd; they
%ill be connected with the remaining gas ducts efter attschment of the four
way tap which is provided,
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Liquid chambers (Fig, 4) sre produced in layer thickness of 80, 40, 20,
10 and 5 mn, and also as 10 mm chasbers with a 9 mm insert and 5 mm with 4 mn
insert, The tempering trough and mixer and s thermometer sre also part of the
chambers, The ligquid chambeps provide 1 o’ of test materisl for every 1 @
______of lsyer thickness, In measurevents shera only aporex, 0,1 cp’ test material
is available the 10 and 5 mmw chambers with 9 - 4 inserts sre used, from which
the 10 mm chamber in Fig, 4 was produced, The layer thickness is changed 1 mm
by insert {¢) by means of a parellel glaes plate in esch half of the chamber,

3,4s Remding procedura

e e ik

The reading is taken from the revolvine pointer (1 Pie, 5)
and the measurement cylinder {2} in two sections, One first determines between
which seoction markings of the revolving pointer the upper rim of ths measurement
oylinder is located, counts the marks as hundreds (0 to 3000) and to this adds

Note 1) laboratory interferometers of older models must in this case be sent
back to us $o have the tempering trough sdded, '
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the amount shown on the cylinder with the value of one unit for each nark,
The data of both sections (14 and 65 in Fig, 5) therefore tosether give the
reading 1465 cylinder section marks (Teilstrichahstandender Trommel - T, T.).

4, PFPreparation for use
L,1, Connection of light source

The small lamp 6V 1,87 is connected to a *ransformer in
case of alternating current, which is regulated for 220 or 110V or even for
an intermediate current as ordered, A single-pole press or lever svitch is
suitably installed near tha cye-piece connecting into direct current is not
ocermitted by the V,D E, laws, We recomnend procurement of a normal 6-V-
accumulator in these rare cases,

4,2, Setting up lighting

The interferometer is shipoed from the factory completely
adjusted, and it is imperitive that this adjustment remain constant under all
circumstances, After connecting the lamp, which had been installed before
shipment of the instrument, one may quite clearly see the two interference
stripe systems - however, more clearly the lower nonmobile system - in the
eye-piece, The only adjustment still possible is a guarter twist of the eye-
plece to egualize a limited, unclarity in the cenier of the nicture usually
only noticeable in cases of old layers, If the light position (5 Fig. 6)
has chenred in what regards the Kollimotor slitsfﬁue to transportation, or
if a comnlete readjustment is necessitated becaus€ of a lamp change, one
may proceed as follows:

With a switched on light one may notice through the eye opening (1) the
picture of the light rays %5) nrojected onto the face of the protection
window (7) by the lighting lens (6); this must be perpendicular. parallel to
the Kollimotor apperature (8) and if possible should apnear clearly, This
position is easily obtained by turning and pushing the lamo fixture (2) after
loosenirg the screw (3),

The correct apnerture lighting and through it a comvletely clear nicture
of the interference stripe systems is only to be obtained by guiding an
assistant while watching through the eye-piece, in correcting the lamp rosition
by careful displacement and turning of the fixture (2) and setting of the two
adjustment, screws (4), The two interfrence stripe systems must be 1lit up
equally and divided by 2 thin horizontal line; shadows on tkis line may usually
be eliminated by aporooriate adjusting of the screws (4) and axial movement of
the lamo, The set screw:éq tightened after achieving the correct position,

5. General rules of operation

The high sensitivity of the operation and the connected slicht
measurement border of error, dependent on the chamber lensth and lasver thick-




@ nesa, is of prime importence in interferometer installation,

The greater the chamber lengith, the more precise the measurement, i.s,,
the meagurement preeision incresses with the chamber length, On the other
hand however, the messurement resulis are reduced by a lerger layer thiskness,
80 that the concentration of the added material of tested substance must not
pass beyond s certain limit, Before starting with s measuremont sesle, one
nust establish, which c¢hember contains both the needed precision and the
necessary weasurepent extent., The best chamber length may be calsulated

according to the farmulas given below and the best equipment of the mechaslsms

~deteruined,

Moreover, varicus rules and advice are to be complied with for all inter-

ferometer tests {comparison substencse, zerc point, measurement process) whioh
are given in detall in Jecticx 5.2 to 5.4,

5.1, Fhysical bagis for chamber length determination

To determine the most appropriate chamber length for ihe
fortheoming teste ope must first ask the fellowing questions in case of gas
analyasia? |

‘- . 84 What mix‘t\i;'e will be tested?

b, What refractive indicges, approxirsted, do the components
have? (The valuss of the comparisen gas 1y and the added conponent ngy are to

be taken from charts, for exemple Landolt-Bornstein or ¥, Lows's optical measurs~

ments, )

d, Which % contents py;, of the zdded compousats shall be

the lowesi determined, or which determination is desired? /

In every case one will be able to chose tho chamber lensths as large as
possible so as to aschieve the highost possible messurement accuracy, Yet

because of the answer to question o we conclude that the chember can at the
most be ,

B 5'5
1 mex BT 1l
" Prax §n2 - IEE

long, so as to include the sugpested measuremcnt value p... % (5.5,10-4 =

wave length (%) of the light used to ¢calibrate the interferometer, see Section
8,1), L

On the other hend the answer to é givea the loweat value for & chamber

o e e oo e b e T e e e s e .
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must be ut least

lin = 2207 1o
Onin (ny - ny)

!

~ long, when one still desires to know the p_;, 5 of & material, or - vhen the
absolute error of the concentrate measure should at most be oy &, (In this
ed 5.5. 10'4 is replaced with 2,10-3 for sinplification),
T30
From the advanced formulas we obtain the ratio: 1 = _100.h. € . _
o (np -~ ny
in which h stands for the number of interference strioes, which appear in the
eye-piece when the chambars are filled,

Example:
Angwer to a: An air - CO, - mixture will be tested.

answer to b: The bresking indices ere for air (zithout COz): ny - 1=
292,106 for COy: ny - 1 = 450,10

Ansver to c: The gas mixture may contain up to 20% CO,,
. In which case the greatest chamber'lengtﬁ may be:

Liax ® 5.5 = 1.7.. 103 ma = 170 cm;

20,158, 10-9

one may therefore use the 100 cm; the lonsest chamber.

Answer to d: 0,03% CO; must still be tested, The shortest chamber length
will have toc be

2 . 1073 >, 1073
= = 22 mm = 42,2 en

losn

0.03 , 158 , 107© L,74
one may therefore use the 50 om chamber,

One could still detect 0,01/% COp in pure air in the 100 cm chamber with &
meximum contents of 20% COs. This reaction sensitivity is different for every
type of material, TFor exarole, when Ch, or Hp is measured agaiast air in the
100 cm chamber it is asoroximately 0,0157, 0,03% with the 50 cm chamber, and
approximately C,06 or 0,15% for the 25 and 10 cm chambers,

The reliability of the measurement (margin of error) and of the measurinc
range of the chamber lonsth can Le seen from the summary below, It is thus
assuned that for any ziven length the same chamber will be used,

a~
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ilarber length or ! kargin of error hpproxinate
layer thickness Q ny - ny measuring rar. ! i
o ; '
WO em o2 10 {0,000
IV for gases ) F A 10:§ 0,00010 ]
s 25 # g 10_7 0.00?%G :
£330 08 2., 10_? 0,09029
(90 g 2.5, 1077 i 000063
A B 5 . W, G,00125 s
20 4L fer 1iquids 1,100 Poo0250
'-35 W 2, g . 0,00500 b
ol B 4 o075 0,01000 C
1w 2 LW B R
L B e eSS = e ' } 1 § ?
' ,? : %ip«in ~ rafrastoneter 2, 2075 I 0.,04000 ! g !
i aith meagurementd prism I P
o e |
VRO The margin of error in breskags differsnces of ny ~ ny are given in the

sesond column of the table, This valus nearly represzents a ssctionsl strip on ‘
.e:g the measurement cylinder (I7) as spproximately 1/20 strip width in the green 1
lizht used for calilrstion {Detail in Section 8), g

Even small chamber langth varigtions fron the nominal sessurement must
eg; be consldersd in very precise measurements so &3 to conserve the needed ore-
cislon, These varistions ave given in milimeters with the symbol + or = oa

the front sttachment socket of the s chamber, indicating whether they are |
to be added or subtrgseted froem ‘v~  .imel messure, The exsct measvremsnt i
ig directly written on the liguiu cnam s,

The procedure of ohoosing the & ber lenpgth or the layer thickness is
basically the seme for liquid chambe:s as that for ges chambers descrived
atove, hore the breaksge incidence values for example and comparison ———
_ liguide are not known; one may €3%nilish them approximately before work
] with the aid of an ibbe~ or dip~refractometer,

5.2, Choice of the comparison substance

48 a genaral rnle it is good Yo choose the comnerison sub-
stance from samples with similer light bresking~ and dispersion~espaeity, as
the samples are sectional, mainly in higher concentrations, It should be
added, thet the section values resd off the measuring cylinder will be kept
low, as for ex, by this means one may dismiss the reduction to normal prese
surs and normal tempersture during gss rixture measurements, These fsctors
sre still to be considered in various elazvations, sven al mountaln stations
or near sea level, alsc in mountein work,

Pure, dry abd carbon acid fres sir gerve as comravison gas during gzaa
teats,

e e e A S S TS g o e i i o e R e min 7 S - ét
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@ Low concentrate solutions, for example tap water ia compared to distilled
. watexr, rivep water, against drinklog water, etc,

5,3, Establishing the zero point

The zero point, the starting solnt for every interferometric
© measurement, is that compensator gsetting by which no phase differeance sxists
©, . between the right and laft licht bundle, It therefore is unimdertant what

7 77 "gas or liguid £1)ls both chamber halves, as long as the sume substance, i.e..

in this case the comparison substance chosen for the mensurement, £ills both
halves, (See Sestion 5,2),

_ agsuming that the instrment is completely set un forthetob {compares

——Section 4, 5 wnd 5,1 as well as the followine noints under & and 7), the
suplete interfe-ence stripe gysten aprears in the lower viswfleld., A wide,
light stripe (the zero stripe) may be seen in the center; 1t is framed by
two very narrow, nearly blsck linea, the "inima I, order®, Ve also recom-
mend that the appesvance of the two next Ninima (iI, order) be checked, for
these stripes must be included in meaguring of difficult sawplar to determine

‘eorrect installastion, for exauple in the case of weekly colored gases and
@ solubions and In sironger coneentraiions,

If the. measirement drum iz rotated uatil its uppner edpe is lecated belween
the first and scoond section noteh of the rotating im:iicatcrl, a group of

@ woloved stripes appear in the upper previcusly ecolorless view arna, By turn-
ing the cylinder very slowly, a spot will be found where both interference

 gtripe systems correspond completely, the upper being movable while the lower
ts static,

This procedure is to be followed in all later measurements, so that the
eylindsr moves in the direotion of deoreamsing numhers, thus eliminating ihe
-patural play in the messurement sebtup, The correspondsnce of the twe inter-
farenge pictures may only be established when the cylinder turnz on one or
two stripe widths, brigging the change of the ¢olored Pframesas vivsely as
L ————ooesible t6 the "Hinima®, The movable pioture is then brought back a few

strips widths by turning the cylinder, and is set up as before coming from
higher values,

g
s # oo o mmetim + 4

The procedure is ‘rggseated and the ecorresponding data read off every time
as shown in Section 3.4°, The arithmetic average of these values is the

- . e S A
et e L S il B A

|
§ Note 1) This position was approx, at the 10, section mark, or in the
} ‘ neighborhood of 1000 T, on some old instruments,

Hote 2)

Only limited differences (1 to 2 T7) will be encountered sfter a
few sxercisze iteats,
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mechanism's 0 point, It holds for the circimstances mantioned in the ltesine
ning of this sootion and is only to bLe determined in case of comnlete ecual=
ization of temperatuce and pregsure, This eircumstance is eeslly recosnnized

s few minutes sfter the chamber fillingz, by the straight, immohle interference
strioes,

5.4, MNeasnrensni nrocedure

The measurement alwsys follows
of the zero point, This slso indicates that the
established for every single meazsurement - daily

directly after estetlishnent
zaro soint must he newly
{or series nessurements,

However before removing the comparison substence from the gn@ahamharjaelﬁﬁ#é~—;§
——— ——one wugt sscertain whother the comsarisen subs*ance or the pmaterizl to be testad &
have the greater light breaskage; for bhasically, the substance with hirher breake

aje should be placed in the chauber half closest to the measuring cylindert,
therefore on the right hand side in the laboratory-interferometer,

The presgsure or temperature egualization is waited for after the filling

of the mgasurement chamber (3ee Scctilon 6 and 7), with subgtance, In gensral
) only the lower interference stripe system has to be considered, as the unvep
- has moved sideways during the Iilling of the mezswrement chamber, The actual
measurenent rrooess consists of mumerleally calenlating the sum of this move-
ment, This is achieved in the same way ss that used to establish the zero
point, One must therefore only be careful to have exactly ideatiecsl inter~
ference strics opposite one another st the moment of reading,

m———

The aversge of the data on the measnrument oylinder, minus the value of

zero, is the measurement result, the value of which can be drawn fromd eta
given in Seetlon 8,

b Bt Bk bl s e

§

6, Vork method for gss tests - . - %

: : 3

The introductory explsnations of the previous sections on inter- —

as ————fervonetric uegsurement nethcds bhad fo preceds the deseription of the work 4
§‘g method $0 as to spare the worker mistakes and wasted time, It 1z indloated E
a to glso obviously review these explanations in the following, H
il 6,1, Placing the gas chamber §:
AR k4
o - i
4 4s mentioned in 3.3, the eye-piece side of the ges chamber £
i iz marked by a red point on the adjustiient section, which must point %o the :
? eye-plece when the chs.ber is sel in place, One takes the chamber with both i
1 hands amd places it carefully as nearly g8 sosaible in the center of the 3
] tubiler body so that the spring setescrew (5 Fig, 3) automatically catches L
in the corresponding threaded opening, after plscement of the chavber the set- ¥

sorew is then tightensed by light pressurs, :

Hote 1) B, this means cne always has nositive measurement regulis; obhaiwise
the placing in the eye~viece would only be possible under extremely ‘ow breske
age difrerences = ny.
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6.2, Preparation wnd £illin~ of a zas test

Al) strongly colored or dust filled gases zre to be eliminated
from optical tests by use of the inierfaeromater, Carbon dust is easily srrested
by the use of a cotton wool filter, 3uch filters are alss to be recnmmended
in cnses vhere tha gas samdles are only occasionally dusty, so as to guard the
gas chanber window panes arainat formetion of a dust 1ever through long use,
soon causing the interrence picture to aniesr darker, A similsr distortion
of the interference picture is caused by a cost of wn.er vasor en the chinrber
windows, As water vajzor infiuences the light treakaze of a crs mixture, gll
Fas samﬂles must be dried by slowly pagsing the °'n0] throurh o ~1~q, tube
contrining "Llan~el" or CeCl,, The gas samnle drying nmust be undertaken vith
special care when it has been preserved over woter, for exsrnsle forced into
the interferometer by a hydrasulic gas neter,

alr from pressure chanbers is slowly forced into the chanber after drawing
into a‘small rubber pipe, The mzasurement chamber is Tll when the udper

interfernnce strirpe °jsten stons "wandering”, i.oreover in all czses where
one is working with a certain prassure, onniw111 allow the snample to {ow
throvgh the cha sber, controlin; the gas flow by letting the nas escape through

a glass dish under water, countin; the gas bubb_cg.

The sample and the comparison 7zs must definitely have identiczl oressure
for correct measurexents, %Viith this in mind, where “O""lble, one zllcvs the
open end of the comgarison chember to remain in contact with the air by meens
of a Natron-chalk or calcium chloride solution, The samde in the chamber nay
easily be kept at atmospheric pressure b aliowing the mas stresm pessinz
through the chamber to escape into the room throuzh sn onen, lewvel canillary
of apnrox, 2 mn interior cross measure of 60 to 80 cm lensth ]anr on the
table, o error through diffusion can be noticed by this method, evea in as
lizht a gas as hydrogen, The gas flow will have to be stopped bv a ten during
each measurcment, 50 as to be indcpendent of all pressure chaures in the
approach tube.

Prescure corrections motivated by the ruling air nressure in the imnedinte
v 5]

vicinity are only of practical imyortance in cases of obvious diverzence from

normal atmospheric pressure, for exuuole in mountain worlk,

6.3, .easuretent of Tlowingz gases

Passaze of tre zas throuch the charder iz recornended, when
the gas to be neasured shows extra grc:s e - be it even very sus ll - to te
disposed of, In sich cases rre i value must te placed on correct nre-terper-

inz, Trig is dane by nassinz the gos tnrouph metal or zlass rplra! wo
maters lonz, wiilch is located in a water container. 4 top must ke locnicd
behind this temperinz coil so as 2 ras £low, Cne nay check the
worxinz of the terperirg setun by testing whether the interlerence strine
gvsten suddenly as.umes its correc it when the tad is cleosed or whether
it only .oves towurds the spot after o certain veriod, The latter circum-

1C
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stonce indicates that the pas was not sufficlently pre-teupered when it
entered the chamber, horeover the direction of motion also gilves an answer:
warper gas has a lower lisht breakage than cold ges. In general streaming
gas will not give a completely fixed resuli, as limited pressure changes
always exist, Because of this, the tap betveen the tempering coil and the
zas chamber should be closed befors every measursment, 4 gresi imsortance
is to be placed oa ass purificetion from dust under this circumstance,

6.4, S8pecifie sbsorbents for singls gnses

ifter a complgte publiestion of the,mplication of tha i

goa=interferoneter to industrial hypiene hed ap neared’, the cuestion srese — |
————a%to tha lack of knowledge on solid or fluid absorption media, with whish

one may igolate one, and cnly one, ingradient from a mixtuce, without caunaing
chemical resstinng with oth-r inrredieats, However, one must sssune for such
specific absorbents, that the only difference between the contents of the two :
chanber halves in the zas interferometer consists of the presence of the 3
inrredient t6 be measured in the one or in the other of the two, E

17 geses
and vapors with the corresponding absorbent wer

ezaollasted in the table miven 1
below from the study on ges anplysis by F, Bayer®, so as to meke these absorp- i
tion wedis xvallable t0 a greater public, e are always ersteful for any

further completion of the table through practiasl work,

\:

7. Work method for Liguid tests

As there is no appraciable difference between the optical proce-~
dure of liguids and gas mixtures the rules given under Jection 5 for both
states of aggregation are immediately annlicable, Therefore, it is only a

guestion of explaining special points of mechanism sdjustment and material
peculiarities

7.1, Temperinz trough and chumber placement

T T 0 Iatmr&torv-intarfé}ggé%;;guggggggwera ordered for gas snd
iignid tests, are delivered from the factory with a tempering frough builh

into the tubular body 4_ The eye~piece side of the trough is marked by & red

R

Hote 1) Lows, P,: Gewerbehypenische Anwendunzen des tragbaren Gasinterfaro~
neters in chemisch-teohnischen Betrieben, Chen, 2z, 68 (1944) 5. 14 2%,

Note 2) Bayer, F.t Gaganalyse, In: Chemische Analyse., Bd, 39, 2,4ufl
1941, GStutigart: Enke, _

Hote 3) For intarferometric liguid measurements (includins titrations)
Ses Fr, Lowe; l.e, p. R71=2¥7,

Note 4) The tempering trough must be adjusted (by chenzing the four screws

with nuts in the floor of the tubuiar body) in cases of additional orders of
acgesgories for messuring liguids,
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Type of Gas

i —

Absortent

-

Type of Gas

orem s e 4 s e -

"W cemen. o o mem b S gt

absorbent

Ethylene
gmmonia-

Acetylene

Hydrocyanic
acid

butylene

Helium
Iodine in

sir

Carbon mon-
oxide

Carbonic acid

Jote 1)

%
!
|
|

Bromide solution
Diluted sulphuric acid

Allkall potassium-
iodine-mercury solu-
tion 30 g ¥J + 25 ¢
Hegdy d%luted in

100 cn? of vater, a
small piece of KOH
is then added vo
mnke the solution
alkalic

Concentr, sto4
87% sulphuric acid,
which also absorbs

propylene

Deenly cooled

" carbon-4

Liquid potassium .
carbonate solution
2 g K005 in 15 em
of distilled water

Iodine pentoxydel
125 g copper (1)
cnloride + 265 z
amsonia chloride
750 emd wvater,
added in the

used surfece of

a copner spiral

8,
b,

Potash lye, 28%
b, weight

Bard grainy soda
lime

b,

of the Techrnical Colleze in Xarlsruhe,

e S—

——— e e e 8 P £ e T & T o e B e

- o -

Pronylene

Oxyszen

Carbon
sulphide

kydromen
sulphide

i Nitrous oxide
(O)

——— .

-——

—— ——— ———— . .+ o =

- . e b e b——_——————

877 H50,, which also
absorbs vnbylsne

Alkalic oxvhvdrochinone
solution accoraing to
F, Hearich (Ca%, Chem,
Co. 48. 1vl5 2000):
100 ¢ Gk £illed to
200 em® with wnter,
add 40 ¢ triaccetyl-
oxyhvdrochinnone unex-
nosed to eir orvien.
shake until the solu-
tion is clear (com>,
Bavers Look, p, 6%)

fetive carbon

Cu30 in strons
sulfuric acid solu-~
tion: 200 ¢ cgncentr.
H,50, + 200 cm” water,
+ Cu.:O+ until valanced

Freshly neutrrl-
ized Iron (11)
sulfate solution,
this however also
takes nitric-pro-
toxide ({,0)
acidified Bromate-
or potassiun ner-
manganate solu-
tion according to
lemenc, Z, anorg,
Chem, 122 (1922),
3/5

a,

Revealed here {1951) with the %ind permission of the ras institute

Y
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Tyne of Gas

Absorbent

LS,

Naphthalene

e e S
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BT
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T airsiotnrebi

Jrayiioad

hualiizs 003

hd - 2 —

Tyone of Gas

4

- e At e - en

absarbent

o L o,

Solution of nieric I Witrous pﬁr*§ 3ee nitrous oxide under
vapor in acid in water {0,703) i oxide i 8, and F, Bayer, p, 184f1,
light gos at 0%, cool absorp- !

tion container in ! a, By desp freezing

ice water! : B, Grainine onlcium

1 ghtoride
QOzone ¢ KJ solution, but : &, Blue silies rel

Qz in 0, providos s : with srotective

stirooge¥ solution § color, rerenerative
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dot, which must point to the eye-dlecs when installed, After sttaching the
trouph by means of the set-screws (5 Fig, 3), the included thermoneter is
flaced in)tha left and the handle to activate the stirer on the right

4 Flg, 4),

Tha liquid chambers are taken from the already prensred wood retainer,
which serves to hold filled chambers duri:g chences and clesnino, To nlace
the chamber in the tempering trough ono attaches it to the two Ewisted oins
and watches that the two guide pins underneath of the chamber fixture enter

the corresponding openings in the temperinz trough by matchine the red points,
7.2, Preparation and filling of a fluid sample

The tempering troush is filled to the u»rper edze of the round
window with water, as dust free as possible, Kecping the wster and the sanje
at an even temperature 1s not epenerally necessary, as the differecnce of break-
aze  incidence between samnle and comparison solution is nrinci al’ly neasured
in the interferometer, However, pre-tempering of the sarnle to the tenpcrature
of the water in the temperinc trourh hes the advantoge of “oinr n ~rest savinz
in time, as the correct fo-“vtion of interference victures i on1y Jossihie
after equalization of the temperature of the ssrple end of the tempering woter,
The interference strines of the unper system cannot be exesctly set defore this
because of their continual movements and distrntions, The termperciire egual-
ization in the chamber and in the temnerature itroush - including the nezsuring
orocess - is considerably accelerated by turninz the handle of the stirer

4 Fiz, 4). This procedure also resulis in disnlacinz the air bubbles sus-
pended on the chamber floor, which distnrbs the passaze of the lower lizht
pocket,

Use of pipettes with small rubber converters are best adantea for filtine
of small fluid media, The filling should be conducted as snarinoly -s nossible;
it is sufficient to have the windows evenly covered, Certain denoits or clond-
iness in the sample may be removed by filterinz or centrifusing vefore the
filling, as {ar as permitted by evaporation haz=rds,

“hen measuring non-watery solutions, which usually have a hicher break-ze
index than water, it is recommended to fill the temperins trourh with a not
eesily evaporatinz solution instecd of water, one which has a breakaze point
nearly ecual to that of the sample,

7.3. Cleaning of the ligquid chambers

Thne pinettes used to £11) the chambers are also well adanted
to cleaninz., The rermzining parts of tue s~isdle are taxken up with smell rolls
of filter paper, a few drO“S ofl the orizinal solution medium zre used to rinse
and it is aried as zbove, The cnarbcrg must not be noticexbly heated durinsg
cleaninz; & time loss would otherwise be unasvoidable,

actusl cleaning batween tuo tests may comnletely wanish durin: series

e




tests, if one hrs so much axtra substsnce that one ¢an employ the first
filling of the second sample as a ¢lsaning medium, Tris process {s only

used during tests of sinilar semples; it forms the rule for all typas of
water tests,

One must be certiain that no water dreps have remaiaed in the tubular
body after completion of & series test, as the interferometer must be left

at night, The ligiid ohambers should also be emptied and eleaned out befere
orolonged work brealks,
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8, Calibration of the interferometer for measurement evaluation

A calibration table or curve must be cstablished for a practical
evaluation of the meusurements reached with the interferometer, this should also

be done for the instrument and for the studied materiel, The evaluation then
solely consists of readings from these tables,

8.1, Instrument calibration

The following intrinsic calibration follows without placement
of chambers and without tempering trough, by establishment of the zero value in
the white light,

Counting of interference strines in monochromatic light,

The first work step is conducted according to the instructions in 5.3,
The obtained value approx, 30 section strip distances (TT) must be deducted
from the r.3asurement values obtained in monochromatic light, One notes it
placed in the I calibration table (See below),

The lamp socket with the glow lamp (7 Fic, 3) is pulled out for cali-
bration with minochroﬂatic light and a uniform ouicksilver lemp covered with a
5461 A° filterl is placed in front of the guardcap (6) opening.

The upper interfe-ence strip system is moved one strin et & time by
rotating the measurement cylinder durinz illunination with light of the above
wave length, and the corresponding TT-value is read off, This value minus
the zero value for white light, sives the number of section values t, which
correspond to the siripe number h placed in the eyepiece,

\2ero value for uhlte livh‘° 30 1T

| {

i Table I | Table II ;

: 1 !

% h t At f £ h Ah E

i ‘ '

! 0 0 30 ; ) 0 0.33 i

D1 30 30 ; 10 0.33 0.34 ;

' 2 69 31 : 20 0.67 0.33 :

3 91 ; 30 1.00 ,
* - » ;

. :

)

Note 1) e recovered the monochromatic B filter numbered CZ 32-845-1),
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The re§ults of such a measurement series, are niven in the precedinr Tadle
{p, 21}, Here the first column conteins the nre-get stripe value (b), the
second column the section vaiue (i) after subtraction of the zevo value, and

the third column the differents (4t} betwsen twe consecutive messuremcnts,

As during measurements only one obiains T~values instesd of strice numbers,
from the Ti-values afiter subtrectlon of the zero point, one nust chante Table I
through ssleulstions, to the soint where one can obiain stripe nunbers of one
Lo two degimala from the Tevalues, It follows that Table II, which annropriastely
passes for 10 w 10T~values, indicates what stripe numbers are connected with
these values, Small differsnces betwsen the values of both Tables which result
from rounding off, rerain without noticesble influence on ihe neasuwrenent results,

—— By thiz calibration the T-vslues guelilied by the mechanism are converted

into stripe numbers b which are drawn on the wave ientth & = 5461 A%, The
importance of the stripe nunbers rests 6n the fest that during messwrement of
certain meterials they ere only denendent on the chamber length -0illing, One
may therefore use them sz comparison messuremsnis for various interferoneters.
" In refarence %o this one also aspeaka of absoluie Instrument cslibration,

Bvery interferomeiar 1s delivered with s celibration table for the first
20 stripe numbers {apyrox, 600 IT}; it may be comploted by the investizator
during use, sccording to nrecediny remarks, for the total range of avoroximately
300077, The complete abselute~callibrebtion may alsc bs conducted by us vhen so
desired, if this 1s knoun to us et the time of the original ordew,

8.2, Calibration for the meterial %o be measured

2,21, Bopiric calibration

411 the sbove exhsustively trestsd pules, such as
choise of a comparison substance, ssteblishment of the zero poind, placing of
chanbers, ste,, are of imporiance. in establishing the cslibration curve, from

which one nmsy draw the concentration of ithe measured material for every value
on the mesaUrswand oylinder,

v tani B B A . o SR

The necessary tests of koown contenis are now prapared in the most precise
manner possible, This will be easy in most cases of liquids, it is often
difficult (3ee Ssction 8,22), to produce certain «rs concentrates with syt~ F
ficient precision, VW, Kinder deals with this by an approoriate prosess,

The calibration tests are filled wnd pressured consecubively in the sane i
chembar half {compare Sestion 5.4, 6.2 and 7.2}, The TT-values read on the '
measurement oylinder are entered in & table with the corvespording concentre-
tions after subtraction of the zero point,

o b et b i

Hote 1) Kinder, W,: Production of stesu~-concentrates in determinine treakare
and in gas-interferometer calibration, Zeiss-lachrichter, 2, 3Jequsl (1938) H,7.
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One will notice, with certain concentrations of s»pplementery comnonents,
that with the usual installation in the eye-piece, not two btut three nearly
colorless "aiiwina I, orders" are apparent in the upper interference strip
system, One is perplexed as to which instaliation is the correct one, se~ing
that the difference is a whole strin number, i,e., approx, 30 TT, If one
represents the data from individval measurement by 2 coordinate systenm, the
rraph is exnressed by a breaxiny of the straight lines, a so-called "jump",
The jump areas are limited by the disnersion characteristics of thes substance;
measurement errors do not result from this, It is only important to taxe
both readines from the measurement cylinder, to take the IT-value readinz every
time and to note both values of t in the table,

L T ]

———— - ———-

40 50 60 70 30 TGO 10

Stripe nunbers h (Limit of the \
measnrenent area)

. 7. Calibration curves indicating the CO, contents in alr for four
different chambers




g
e
s

[

The curves have becn éntered in Flr, 7 as an exennls, of how they can
result in calibration of & laboratory interferometer with four ¢as charbers,
The sane gas mixture, carbon dioxide in dry air, was adopted for gll four
chanbers so as to simplify the srocess, The T-values are changed into strize
numbers h by means of calibration Taeble II, s0 25 to show that a Jumd arves
alugys takes an entire strine nmber, The accomnanyinz concentr fion is also
¢learly laegible in the jump aress, when cone considers both poseible setiings,

R

It is further to be noted thnt Jumps alwrys appesr at ke aoue strive
nunber indecendent from shamber length and concentroitlon, The first jump
arga ls located at stripe mumber 32, the segond, slrasdy beyond the ressh

different depending on the material measured, & number of jumps, which have
nearly equal values, may appear in & calibration curve (for sx, the call-

bration curve for Benzol in alr, as given in the above mentioned work by
- A, kinder), ‘

8,22, Galibration through cslculatien i

One is always advised to uge csloulated calinrstion when
' preparation of calitretion tesis sre made impossible by some resson or other,
N For this one must know the chamber lensmth, the working dispersion of the
compansgtion arrangenent in the interfercmeter, and the breaksge fovce and
- dispersion of the materials conserned,

4s soon as the latter dada hes besn accurately pachered, one is in s
position to caleunlate the calibration tables for changing stripe numsbers
into concentration percentazes for the measured materials agalinst return
of the net costs, and to abitach this Yo the mechanism,

In most csses the dignersion values are not yeb known with sufficient
precision, One may however calculate the salibrstion tables, but one must
| wateh the position of the jump sress which were arrived st by -the messure

S R Oe

N A

§ ¢ of the messurementserew at epprox. Y2, The position of thlsbrsakis s

wents with the interferoueter ard procede with the corresponding corrsctions

in the caloulated tables, The calibration surves in Fig, 7 were produced in
this manner, ‘ P

The stripe number h corressonding to tha t value in calibration Table II ;
is taken for the measurement gvaluation, throuzh which the table set up F
through caloulstion gives the concentration value of the mixture in guestion,
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