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K. KOMAREK:

Nové principy ultramikroanalysy pro chemicky vyzkum
musejniho materialu

HoBble npuHUMNBI yibTpaMUKpOaHanu3a JJIsi XHMHYECKOTo
MCC/IE[IOBAHHUS My3eiHOro MaTepuana

(Predlozeno 27. IV. 1955.)

Pro kvantitativni stanoveni velmi malych mnoZstvi nékterych prvki
a soucasti jsem vypracoval zcela novy pracovni zptsob analysy, o némz
bylo jiz dfive (4) strucné referovano v Ceské Fei. Dospél jsem k nému
na podkladé driveéjsi své prace (2). P¥i ni k dosahovani ekvivalenéniho
bodu pii neutralisaci zdsad jsem pouZival pipety vytazené v tak tenky
konec, Ze kapalina (roztok HJOj3) z ného na vzduchu jiz sama nevytéka,
nybrz déje se tak teprve po ponoieni vytokové $picky pipety do kapaliny.
Lze tak dosdhnouti velmi presné ekvivalenéniho bodu i ve zcela malém
objemu roztoku. Tohoto principu jsem uZil jiz ke stanoveni nepatrnych
mnoZstvi vapniku a hot'¢iku (3), ktera byla posléze pfevedena na polaro-
grafické stanoveni iontu JO3'.

V této studii je popsén pracovni zplsob, pfi némz roztok v ,,prgs-
tive" pipeté obsahuje vedle malého mnozstvi Géinné latky jedt& velmi
mnoho Umyslné primiSené vhodné latky inertni, ktera nema rusivy vliv
na spravné stanoveni ekvivalen¢niho bodu a kterou lze posléze presné
ur€it odmérnou analysou za pouziti mikrobyrety Bangovy nebo i byrety
obyCejné. Zkoumany roztok se vklada do kratSiho ramene zahnuté reakéni
trubice, kterda ma podobu dymkovitou (obr. 1 a 2). Sloupedek roztoku
se pohybuje stiskovanim kaucukové trubice, navledené na delsi konec
reak¢ni trubice a uzaviené skelnym t&liskem. Pomér slozky aktivni
k pomocné inertni soucédsti musi byt pfesné znam, jinak se musi pro-
vést jeSté srovndvaci pokus se zndmym mnoZstvim hledané soudasti.
Prichodem sloupetku roztoku zGZenou &asti v ohybu reakéni trubice
nastava dokonalé promichani kapaliny.

Popsanym zpusobem lze presnd stanovit kvanta latek v mnoZzstvi
Jen nékolika mikrogramt. Byly tak stanoveny: Ag’, Cu”, Ca”, Cl’, OH’
a H. Potfebnd aparatura je naprosto jednoduchd, takZe lze ji velmi
snadno a rychle zhotovit. '

%




JIssl KOIMYECTBEHHOT'O OMNpe/ie/ieH sl BeCbMa Ma/blX KOJNUYECTB HEKO-
TOPHIX 9/IEMEHTOB W COCTaBHBIX yacTedl si paspaboraj COBEpPLIEHHO HO-
BHIH METOJ aHaJau3a, O KOTOPOM y:Ke paHbie (4) Obla TOAAH pedepar Ha
yelrckoM sidbike. §1 OblI TpPUBEJEH K HeMy Ha OCHOBaHHHM CBO€# TIpeJbl-
aymeit pa6orsl (2). Ilpu Heit s md/ab30BaNCsH A AOCTHXKEHHS SKBHBA-
JIGHTHOH TOUYKH NPH HEWTPAJIH3UPOBAHHH OCHOBAHHWI TNHNETKOH, BBITS-
HyTOH B CTOJIb TOHKHI KOHEl|, 4TO JKHAKOCTb (PacTBOp HIOg) u3 Hero
HA BO3JyXe yKe caMa He BhITeKaja M HauWHala BbITEKaTb TOJbKO TOCJE
MOTPYKEHHs OTTAHYTOrO KOHIA MUMETKH B JKHAKOCTb. Takum ob6pasom
MOYKHO JAOCTHYb C OOJBIIOH TOUHOCTbIO SKBUBAJEHTHOH TOYKH H B OY€Hb
MajnioM oO6beMe pacTBOpa. DTOT MPHUHUHI 5 IPHMEHHJ yXKe TPH Onpeje-
JIEHHH He3HAUMTEJbHBIX KOJIHYECTB Kajbliusi u Maruus (3), KoTopble GbIIH
o3xe mepeBejeHsl B moJsporpaduueckoe onpejenenue uona 10g”.

B HacTosmEeM COOOIEHHH ONMKCHIBAETCs Cocob paboThl, MPH KOTOPOM
pacTBOp B «coyaljeics» MHUIETKe COJAEPXKHT Hapsldy C MajabiM KOJHYe-
CTBOM aKTMBHOTO BEIeCTBa elle OYeHb MHOTO HaMCPEeHHO NMpHGaBIeHHOTO
HHEepPTHOro Bel|ecTBa, KOTOPOe He OKa3blBaeT HapyUIAIOIIEro BJAMSHHSA Ha
NpaBUAbHOE ONpejieNeHHe SKBUBANEHTHOH TOUKH M KOTOPOE MOXKHO BIIO-
CJE/ICTBHH TOUHO OINpEJeNHTh MOCPeACTBOM O0OBEMHOTO aHaausa C MpH-
MeHeHHeM MHKpOGIopeTkH Banra wian OOGBIKHOBEHHOW 6x"ope'nm. I/I'cnm:
TyeMblii PacTBOP BHOCHTCS B KOPOTKOE IVIEYO0 COTHYTOH peaK{HOHHOH
Tpy6kn T — ob6pasuoit dopmer (puc. 1 u'2). CroaGuk pacTBopa CABHra-
€TCsl TIOCPEJCTBOM CXHMMaHHsl KaydyKOBOH TPYOKH, HalleTod Ha 6one”e
JUIMHHBIA KOHEIl PeaKHOHHOW TPYOKH H 3aKPBITOH CTEK/ISHHOH np-oﬁxonu.
OTHOIIEHHE AKTHBHOH COCTABHOH YacTH KO BCIIOMOraTeNbHOHW HHEPTHOH
YaCTH JO/KHO GBITH TOYHO H3BECTHBIM, HHAYE HYXHO MPOH3BECTH CPABHH-
TEJbHBII ONBIT C H3BECTHBIM KOJHYECTBOM HCKOMOHM COCTaBHOH YacTH.
[Ipy NPOXONKAEHHH CTOJGHKA PAacTBOPa CYXEHHOH 4acThio B H3ruGe
peaKiHOHHON TPYOKH MPOMCXOAUT TiepeMelIHBaHHEe JKHIKOCTH. i

OnKcaHHBIM 06Pa30oM MOXHO TOYHO ONPEJETHTH KOJHYECTBO BEIIECTB,
COCTABJSIONIEE HECKOMbKO MHUKporpamMmoB. Tak Gblin ompejeneHbl: Ag',
Cu”, Ca”, Cl, OH’ i H'. Heo6xoaumas anmapatypa KpaiHe Mmpocra, Tak
YTO ee MOMKHO BechbMa JIerKO H OBbICTPO M3rOTOBHTD.

New Methods of Ultramicroanalysis for Chemical
Investigations in Museums

I. Introduction

Many of the problems relating to identification and conservation
which I have had to solve in the course of my work at the National
Museum in Prague have required the use of a specially fine investigation
technique, as only very small amounts of material have been avallaple
for analysis. Because of the lack of the necessary apparatus for carrying
out quantitative microanalyses I have used on the one hand polarography
and on the other hand I have attempted to elaborate a new way of making
volumetric determinations, by which also amounts of about one micro-

A

gram of the examined substance can easily be determined. In what
follows I deal in general with my new working method, which really
falls within the subject of ultramicroanalysis, and I add also some
concrete examples of the application of my method. For carrying out
the operations -involved only very simple utensils are needed such as
every worker can easily make for himself. The final volumetric determi-
nation is carried out by means of Bang’s microburette or even by means

-of a common burette. For some kinds of determination centrifugation

is necessary, for which I used an electrically driven centrifuge.

The whole work which I give in the present communication arose
mainly from two circumstances. First of all, in a museum we have as
a rule by far not so rich a laboratory equipment at our disposal as in

. scientific laboratories or in large industrial enterprises, and hence it

is desirable to replace the expensive apparatus by a more advantageous
improvisation. Secondly, in a museum such special and expensive
laboratory apparatus is usually not needed, but nevertheless urgent
problems do occur occasionally, and for these one may quite well use
as a substitute the method elaborated by me. Though this method is
considerably slower than the direct evaluation e. g. with the ultramicro-
burette, speed .is not so urgent a consideration in a museum as e. g.
with serial work in factory laboratories. Besides the method elaborated
by me has in a certain respect even advantages as compared with
methods involving the use of complex, expensive and often not easily
acquired ultramicroburettes.

II. Apparatus and Manipulative Technique

I have reported already earlier (2) on my new working method, in
which instead of the customary titration the reagent (iodic acid) is
added to the selution by means of a simple pipette, without any gradua-
tion, but drawn out into so fine a tip that the solution in air does not
even to the slightest extent flow out from the pipette. It is only after
submersion of the fine capillary orifice below the surface of a liquid
that a trickling out of the solution begins to occur. When the pipette
is lifted, and its orifice emerges again above the surface, the trickling
out ceases immediately. Thus we can obtain with a very small volume
of the liquid a very sharp equivalence-point, but the amount of effective
reagent added has to be estimated subsequently by a suitable method,
e. g. polarographically. When one uses a solution of iodic acid this
method is unusually sensitive. I used this method of manipulation with
advantage e. g. also for the determination of traces of calcium and
magnesium (3) in minerals. The solution is enclosed in a glass tube
bent in U-shape, whose one arm is below enlarged in bulb-shape and
contains here the solution. Gas bubbles pass through this solution, and
thus a good and quick mixing is achieved. Instead of mere air one can
use for stirring purposes according to requirement also hydrogen, carbon
dioxide, or nitrogen.

For my new method of volumetric determination of traces of sub-
stances I retained the use of a pipette drawn out into a fine capillary
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tip, but I changed substantially the shape of the vessel for the solution
in order to be able to manipulate also quite trifling volumes of solutions.
Another major change I introduced was especially that for filling the
pipette I used composite solutions instead of simple ones, in which in
addition to the effective component proper, used only in great dilution,
there is present still another auxiliary substance. This second substance
is, on the contrary, in a very considerable concentration, and in the
first phase of determination, in approaching the equivalence-point, it
is absolutely inert. Only after the end-point is accurately reached the
real titration of this auxiliary substance is carried out, from whose
amount one can then accurately estimate the amount of effective reagent
consumed in reaching the equivalence-point, or still better the quantity
of the substance is already determined directly after comparative
analysis with a known content of the same substance. As the auxiliary
substance is in a very strong concentration in the solution, an ordinary
burette is often sufficient for its determination. Thus generally speaking
each estimation is divided by the way in which it is done into two
phases: into the accurate determination of the
equivalence-point by means of a capillary pipette (“trickling
pipette”), and then into the volumetric determination
of the inert component “smuggled” so to speak into the solu-
tion examined in a very great, but accurately known excess.

The method of work just described I elaborated in the summer of
1952, and used it also at once for the solution of some microchemical
problems which had urgently to be solved within the scope of the work
of the Museum. So far I have given only a brief preliminary report in
Czech (4) of my new working method. In the present communication
I wish also to dwell on some details which are important for the
successful carrying out of the whole procedure. It is especially necessary
to give some concrete examples of the practical application of the
method and the main principles by which the elaboration of the determi-
nation of the further elements and components has to be governed in
the cases given.

In order to show concretely the proper purpose and working of
my method I shall give preliminarily briefly e. g. the method applied to
the quantitative determination of silver traces. In the first phase of
estimation the equivalence-point is reached by using an apparatus, de-
scribed below, in the same way as in Volhard's method, but the
solution used of thiocyanate contains additionally a large amount of cal-
cium nitrate, which is, however, quite inert at the reaction. It is not until
a faint pink tint persists, i. e. after the equivalence-point is reached,
that the solution is transferred to a centrifuge cone, the calcium is then
precipitated as oxalate, and after washing the amount of calcium is
estimated, usually by means of ordinary titration with permanganate
solution. For any given weak solution of thiocyanate with a large excess
of calcium nitrate one can then directly fix by a test e. g. with 10 micro-
grams Ag the ratio between the amount of silver examined and the
determined amount of calcium, which is then decisive for the calculation
of all further determinations of silver in this way. Thus we can determine
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with great accuracy silver also in an amount of only a few micrograms.

The apparatus for carrying out the first phase of estimation, i. e.
until the equivalence-point is reached in a very small volume of the
solution investigated, is shown in Figs. 1 and 2. As in this procedure
vessels (pipettes) are used without any graduation, it cannot be called
titration. Originally I put the solution of the necessary reagent (e. g.
a minimum of KCNS with a great excess of calcium nitrate) into the
solution examined (silver salt with ferric nitrate as indicator) so that
the salt solution examined was bubbled with gas (air) in a U-glass
tube with a bulb-shaped enlargement as mentioned above (2). From
time to time the pipette was submerged with its pointed tip below the
surface of the solution until the equivalence-point was permanently
reached. Thus the effective solution was added in the form of a kind
of short injections. As, however, the solution was sprayed asunder by
bubbling, and thus came also above the tip of the pipette whence it
could not be washed down any more, and also because it was not possible
to use this manipulation (i. e. gas bubbles) for very small quantities
of the solution, I desisted from this way of manipulation. Instead I fixed
the pipette so that it could not move at all, whereas the solution
examined shifted freely, and by its contact took from the capillary
orifice of the pipette small quantities of the effective reagent until a
visible change of the indicator present.

For the preparation of the pipettes as well as for the preparation
of the bent reaction-tubes for holding the solution investigated I used
chemically resistant Supremax glass with a very high melting point.
Thus. a Méker's burner had to be used for bending it. As after the
breaking of the tubes, first incised with a crystal of carborundum, their
ends remained sharp, they had always to be rounded by fusion in
a flame. Originally straight pipettes were used; then I discovered that
pipettes bent at a right angle are more advantageous. When their open,
broad arm-is in a horizontal position, and the thin end turned vertically
downwards, then one obtains in them in this position a completely
constant velocity of the trickling of the solution as soon as their tip
is submerged in the liquid. It is only when the reaction solution in the
horizontal tube is already consumed and it remains only in the narrowed
vertically placed part that the trickling becomes slower and slower.

The length of the wide part of the “trickling" capillary
pipette is about 4 cm., the length of the fine capillary tip is about
5 cm. Care has especially to be taken that the tube is drawn into the
finest possible tip so that after submergence below the water level no
bubbles come out of the thin end even under strong air pressure. As
by the quick drawing of the tubing in the strong flame of a Méker's
burner we do not achieve a sufficiently great narrowing of the trickling
capillary, the capillary tube has to be supplementary drawn out after
heating in a strongly slanting (almost vertical) position over the quite
insignificant flame of a micro-burner or above the pilot-flame of
a Bunsen burner which burns also when the main flame is extinguished.
Then the capillary tube is gradually cut at the thin end with a sharp
crystal of carborundum and broken off until small air bubbles begin to
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i ir i i ly with

e under water from the tip when thg_alr is driven strongly
:TSI{)%er tubing into the wide end of the pipette. Then only the pipette
is bent in a right angle and finally it is moderately rounded by fusion

at its wide end.

ppe———L S ] 4L L

inati i -point. To the left above
i ment for the determination of the equnfalence point. To
it 1'isA rtliiaenqc(ta‘ickling pipette, to the right below the p_xpe-shaped reaction tube.

illina of the capillary pipette is carried ou by at_tachmg a rpbber
tubeT:(l)e iigllcr)lgen wide elr)ld, and after su'bme?gipg the tip of tpe ;;llpet:g
below the surface of the solution the air \_mthm the pipette .(115 thinn !
through suction by mouth, until the solution rises in the vinfela;m b
a height of about 2 cm. The pipette thus filled can be le ’c.ymgb ;
a horizontal position, e. g. on a table, also for quite a 1onght1mgt. ligs
its tip must not touch directly what it lies on, espec1a}ly.w c;n i o
on something moist. Thus it must be either ‘gently d_eV1at1pg rom i
horizontal plane obliquely upwa\rdst,f 1or a %mtable thin object (a ¢

i nder it near its outflow end.

s ’12?19p 1:/(;32 :nd of the filled pipette ne_zed not be cl_osed, as tt;le eva-
poration of the solution is not accompapled by any disturbing ¢ angf:l:
in contradistinction to the simple titra}tlon solutions. When some Zlvathe
evaporates from the solution the ratio between the 'effectlve an the
auxiliary component is not changed at all, so that .th_ls _evaporatlonka.t
no influence on the final analytical regu}t. After fml'shlng the wcg ; hle
is best to press out the solution remaining in the pipette throug o
tip back into the storage vessel if a fairly large ampunt of it rer;llazlnto
in the pipette. In doing so the rubber tube has again to be attaé: e‘ther
the wide end of the pipette, and the pressure has to be increased el
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only by the mouth or by a rubber bulb for blowing. Before this is done
the tip of the pipette has to be washed quickly under a rapid stream
of water and then dried by hand (between the tumb and the first finger
of the right hand) and wiped several times in the direction towards the
end, of course most carefully so that the tip is not broken off. This
wiping should be done also immediately after filling the pipette and
just before using it, and a thin smear of vaseline on the fingers proves
useful for this. Thus it is absolutely prevented that by some chance
a tiny drop might form at the orifice of the fine capillary tip in the air,
which would spoil the whole work. A tiny drop at the fine capillary
orifice of the pipette in the air may easily be formed by a shaking which
brings it into contact with its support. Thus at the time of work all
shaking has to be avoided.

Still before making the pipette it is desirable to draw a wire with
a tuft of moistened cotton wool at the end through the glass tubing
in question several times, then to wash the tubing inside several times
with water, finally with distilled water, and to leave it to dry. Then
only it should be drawn out on one side into a capillary end. It is
desirable to have always several ready pipettes in store, as already by
a trifling breaking of the end of the tip the pipette becomes often
entirely useless as after submersion of the tip in water the solution
then trickles too strongly from it.

When the work is finished and the pipette emptied it has still to

- be washed inside repeatedly either with mere water or also with a diluted

acid (after a filling which is hydrolysed by water into insoluble com-
pounds, e. g. into ferric hydroxide), though finally of course again with
distilled water. While it is true that it is best when the pipette soon
dries inside, even when it is made of chemically rather resistant glass,
yet it can be filled without fear with the solution, even when it is moist
inside, for the reasons given above. (The concentration of the solution
used does not matter, it is only the ratio between its two components
which matters, i. e. of the effective substance to the auxiliary accessory
substance, for the time inert, admixed in a very great amount.)

If in the solution investigated the estimated constituent is present
in an unexpectedly great amount, one uses from the ‘injection”
pipette a relatively large volume of the solution, and for the final
volumetric determination of the accessory substance it is better to use
instead of Bang’s microburette an ordinary burette or a stronger volu-
metric solution. In order to be able to judge already beforehand which
utensils had better be used for the titration at the end of the second
phase of estimation, it is well to provide the pipette with an at least
approximate graduation for orientation purposes. Then it is enough to
mark the volumes only per 0.1 ml., and only in the wide tube from its
bend to a distance of about 2 cm., and this can be easily done with
a fine file for ampulles or with the sharp edge of a carborundum crystal.
This approximate graduation is, however, not necessary, as we can
judge the approximate consumption of the reaction solution also from
the growth of the volume of the solution in the pipe-like bent reaction
tube. :
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When we know in advance that we shall have a greater amount of

i i i tion tube (even

bstance investigated we have to use a wider reac
gi]?errslgre than 3 mm.ginner width). In this case it is bet_ter when the
tip of the pipette reaches into the interior 9f the reaction .tube. .Eor
this purpose it is necessary to centre it sufficiently so that its orilice

t into contact with the moist inner surface of thg reaction
(til(;g:, n:st 'gk?is would automatically result in an_undgsn’ed trlcklfl?gtoé
the solution from the pipette. The necessary centration can l;fe e ‘ect*fe
most simply by threading a tiny rubbe_r disc on the'tlp of the pxptet ; 5
about 1 cm. from its end (Fig. 1). The disc is most easily made b_ykc%v 11113
a slice off a narrow capillary rubber tupe_z with relatively thic tabe'
When working it is inserted into the orifice of the bent reaction tube.
There is no need to insert the pipette too deeply.

Fig. 2. Reaction tube, to the right above
with the solution drawn down, below in
washing.

i ‘ action tube
The second main part of the apparatus is there 0
(Fig. 1, 2), somewhat like a pipe in shape. gzor rlninutebquaqttl}tleasnoifn;}éi
nined i — ube wi
examined sample in a vo}ume oi‘; 0.01—0.02 ml. a11 gl
diameter of 2 mm. and with a thickness of the walls o kgt
i Iready above. The length of the liqui
ot 'mentloned : £ 0.01 ml. is in this tube 3.2 mm.
columm corresponding to the volume of 0.01 ml 3
iti tubings have to
larger quantities of the examined sample wider : ve
1jb‘:en;xs(?d?but'qtheir inside diameter must not exceed 3 mm. With an inside
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.diameter of 4 mm. the liquid column cannot any longer be safely dis-

placed as a whole as it flows slowly into the lower bent part of the
tubing so that really two liquid columns are formed, separated by an air
bubble.

L

l T

N 5 10 cm

Fig. 3. Thin-walled capillary pipette for introducing the solution examined into the shor-
ter arm of the reaction tube.

The reaction tube is bent under an angle of about 450. With a narrow
tubing with an inner diameter of 2 mm. the most favourable length
of the shorter arm is about 2 cm., of the longer arm about 6 cm. At
the end of the longer arm a piece of rubber tube is put on, which can
be closed at its other end by a glass body. The sample of the examined
solution is brought into the shorter arm by a thin pipette (Fig. 3) which
is emptied by putting a rubber tube, likewise closed with a glass body,
on the upper wide end of the pipette. It is good when the tip of the
pipette is arcuately bent so that the pipette is not contaminated by the
pressed out solution, and so that the solution can be pressed in the
direction against the inside glass surfaces of the tube, to which it
adheres. The necessary reagents (indicators, acids, etc.) are preferably
introduced into the shorter arm already before the solution examined
is let into it. For introducing them into the apparatus it is best to use
only a glass rod drawn out to a fine point (0.5 mm.) with a tiny glass.
ball.

Both orifices of the reaction tube have of course to be lightly
rounded by flame. Still previous to starting work the circular orifice of
the shorter arm has to be slightly smeared with vaseline. This is
necessary in order to prevent the solution, which is pressed out to the

_very end of this arm, from flowing out over the edge, and thus it is

at most only vaulted upwards from the orifice of the tube in the form
of a hemisphere. It is of course not advisable to press out the solution
too high above the edge.

As in some determinations the blank values have to be respected
for a certain final volume of the solution, in order to substract them
from the result and thus to obtain quite accurate values, it is good
when the reaction tube has in its lower part on both sides from the
bend an at least approximate calibration scale for every 0.02 ml. This
can be made in the same way as described for the trickling pipette. As.
the tubing is thinnest in the bend, it might be too much damaged in
these places by a stronger pressure of the carborundum crystal and
break already at a small shock. Thus it is better to begin with the
calibration scale to the left and to the right of the bend where the
glass is already sufficiently strong.

The filled reaction tube is placed with the short arm vertically
upwards. Only after filling with the solution investigated, which settles.

2.
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i iddle part, we attach at the end of the longer arm a rubber
}c?xgecﬁfsrzztdnl;;i(g gl%ss body and inside sufficiently smeared (w;wfth va:g;
line. In doing so its open end has to be strongly cor.npyésset dr(r)lr: o
sides so that the air can stream outwards, for if this 15(.1 r;;)e 1 0t ,O :
solution will shift outward through t_hg shorter arm an t(})ls ; lasbs’
after the rubber tube has been suff1c1entl.y dragged ovgr ed l% s
tube, we cease to compress the rubber tubmg frpm the sides an o
it tc; lie on the glass. The po?ition b:cf thte tl}xlcéu::1 dcc())lf}xrtr;lr; fuggg: ot
i the shifting of the glass y a .
f);'t}ll);rtg% shifting ofgthe rubber tube on the gnd of the reaction }:‘ut?t?é
We have to reckon with the fact that by.a suq:ab}e compres.s;otr}l o0 -
rubber tubing we have to mmt/ﬁ th}el e:ammed léqg;(i lf(:;;rilrrll ;g th: ngr—
i ery orifice of the short arm an :
i(a)\:;gg :gisgfevpagt. For this purpose a sufficiently long rubber Sibgllg
has to be chosen. The liquid column is then placed so that wi o
rubber tubing left free it lies behind the narowing in the lower pa
55 1’(1)‘?129:ri?:11;:r1rilng pipette is fixed so th.at its tip (orifice) reachc;s to tg?
middle of the shorter arm of the reaction tul_ae. Both parts of tue ap;t>he
ratus are in a vertidal position. Thg trickling pipette.as we : alsm :
reaction tube have to be fastened as flrmly as _possible with miya tchz rg-
to the vertical column of the stand: First it is necessary to fix e
action tube and then above it the pipette. 'In the final _tlghtenﬁng o e
screw at the clamp with the icil:ricl«glmg pgnett;gr ethii 3}; 32 ntg :r F;g)at =
S i sition very considerably, an :
zﬂilgefo:l?hg: the end 03;:' the reaction‘tu]?e or even breaks by p;f:i;ﬁg
against it. Thus the lowering of the trickling pipette and. the tlgth X thg
of the screw holding it have to be done very carefully, leSt so % te; o
fine orifice of the capillary pipette is placed after the firm t1gd fth%
of the screw some millimetres above. the midd}e of the shortc:]r en d% i
reaction tube, and then only is it shifted verylcally downwards alrll i
fully centered so that the orifice of the ca_plllary out':lgt tu?ehfa Se i
rately into the geometrical centre of the circular orifice of t % r E:n )
tube. When using wider reaction tubes (even a little over bm uéed
inner diameter) a pipette withfa rubfb(g1 dlsgaggg; tthtfb :ndA Sca;r; tﬁe end
ich is inserted into the orifice o e : >
xhtl;g I;iolcr:esdu:e it is necessary to rinse with the_ column of thebsolut;(r)lrex
inside also the upper part of the reaction tubg in the placisi above i
end of the pipette, it is better to insert the tip of the trickling (g)lge i
at first somewhat more deeply and only at the (::nd of the proc}(la ubeen
raise it upwards by about 5 mm. A.ftetj the .equwa.lence-pomt as .
accurately reached, the tip gf tlile trlqkléﬂg pg;:{tj:clesdd:gﬁgagutth go(r)?ip} !
ved, the liquid column is then
21;15;;: %g:é?i?m tube in qorder to ascertaiq whether any chan_ge ocfcg}x;:
any longer in the appearance of the solution. A gentle smearing ot -
circular rim with vaseline is necessary also here, so that in t:zmp %11 ng
the content the solution does not cling to the outer side at the erfl .
the ‘short arm of the reaction tubing, and so that the washing o
whole tube can be carried out perfectly.
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After the perfect centration of the tip of the trickling pipette,
filled already with the reagent solution, in the orifice of the reaction
tube, the column of the solution examined is pressed vertically upwards
until it touches the end of the pipette. As soon as it does so the reagent
solution begins to trickle in a very fine stream downwards into the so-
lution investigated. As the solution examined is always very diluted,
and as on the contrary the reagent solution contains an unusually large
amount of auxiliary salt, the reagent solution streams always very
quickly downwards, and thus passes easily through the whole column
of the solution examined, standing vertically, as far as to its lower end.

The mere trickling of the reagent solution from above downward
cannot of course bring about a mixing of the liquid. Therefore it is ne-
cessary to loosen the pressure on the rubber tube, by which the liquid
column is shifted back into its original position, downwards into the
middle of the tubing. As, however, a perfect stirring does not take place
until the whole liquid column passes through the narrowed middle part
of the tubing to the other side, into the lower part of the longer arm,
we have to see to it that this latter position is already at the beginning
of the procedure the initial position. For the purpose of the most perfect
possible stirring it is of course better when the liquid column is moved
in both directions several times consecutively through the narrowed
bend of the tubing and then only pressed again upwards, where a further
portion of the reagent solution enters it.

As soon as the coloration characteristic in the given case for the
reaching of the equivalence-point begins to disappear only slowly in
stirring, it is necessary to effect the contact with the fine opening of
the hair-tipped capillary always for a very short moment only. It is not
until after the end-point has been reached that it is necessary to draw
the solution also higher into the longer arm, and thus to wash also the
marginal part which the solution column had not reached before. It is
probable that this will defer again the end of the procedure as the liquid
loses again the coloration characteristic for reaching the equivalence-
point in question, and it is then necessary to finish the operation most
carefully. In the reaction tube the lower part of the longer arm thus
represents a kind of small reserve of the estimated component, which
especially with quick and not too careful work may prevent errors re-
sulting from the addition of an excess of the reagent solution greater
than is just necessary for reaching the accurate equivalence-point.

For the perfect fixation of the two main parts of the apparatus in
the clamps it is necessary to use rubber cylinders or at least rubber
stoppers with holes of the appropriate width (Fig. 1). In order that the
pieces of rubber may be shifted easily on the glass, it is necessary first
to smear them inside with glycerol. Then only both tubings are in-
serted into the holes, and the surface of the glass, over which the rubber
pieces were drawn, are freed of the glycerol as completely as possible
with moist filter paper. This has to be done especially well at the ori-
fices of the two tubes, as the glycerol by its ability to form firm complex
compounds with many metals might even in traces cause considerable
errors in the determination. Or one can insert both tubes into the rubber
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i also without coating them with glycerol, provided that 1§he
f'ﬁ!olggfrZylinders are cut longitudinally, but only so that on onf mdg
they remain connected together to form one whole. For accurate zind
safe work it is necessary that the rubber pieces with the tubes inser _3
in them are as firmly as possible clasped by metal clamps lined inside
w1th1;: (::11;& happen that after pressing the liquid golum_n into tt}e %ppe;
part of the shorter arm, the column after a while shifts slowly dow
by itself, although the rubber tube remains also further equally 1com(—1
pressed. This is an indication that the rubber does not tighten wg}ﬂ,{ alfn
thus does not lie well to the glass. If we let the column thus si ‘tgg
a while and only then release the pressure on the rubber tube,t e
solution column is displaced via the narrowed_mlddle part unexpec gb 3;
far into the long arm. Then it is necessary elther.to smear tl}e ru1 er
tubing inside with vaseline or to use another tubing which fits close

11 fissures. LI

i {1)\?: Egvzngpecially to avoid that the liquid column mmdg the l1)'1e—
action tube tears into two, separated from each other by an air bubble.
This may happen e. g. by a too rapid shifting of the solu_th_n. It is some(;
times rather difficult to reunite the two columns again-into (}r_le', lfxmd
it takes a long time, but it must be done is the procedure to be finis te. &
As said above, the imperfect tightening of the I:ubper may after a certain
time cause an unfavourable position of the hqpld column. Whe{)l 1tt l;s
not possible to correct this at once by exchanging the rubbef 1tu be, thg
correct position of the liquid column has to .be achieved so ely yb d
suitable pushing in or on the contrary pushing out qf the glass bo 311
by which the rubber tube is closed at the end. For this closing w(;e c?l
use of course also short glass rods, but quite short glass tubes grfa uzly
drawn out towards both ends, which are sealed (Fig. 1), are pre exzfa the.

As soon as the equivalence-point is regched thg first phase of the
whole procedure is terminated. The clamp with the pipe-shaped regctlor(;
tube is at once lowered ,and only then is the tube loose;ned from 1tf atrllm
taken out. The solution maintains itself in the bent middle part of he
tubing. In this position we place to the orifice of the shorter arm o 1t e
reaction tube either a centrifuge cone, a smal} beaker, ora small Ert(;ln—t
meyer flask, and then only the whole reaction tube is turngd SO , a
the solution from the short arm flows out into the vessel against w _1<l)s§
inner wall the orifice of the arm is placed. Then a few drops of dlSi.’,l tfl
water are put with an ordinary glass pipette into the l_onger arm,b. €
water runs through the bend into the shorter arm and rinses the tubing
mSISigllven when the orifice of the short arm of the reaction tubeblf_las
been coated slightly with vaseline, it is _advisable aft'er rinsing the. tl:ll tlng
inside to wash also the orifice of the inverted tubing out_51de wit \go
or three drops of water from the pipette, keeping the tubing c.:onstant.i'
in contact with the inner side of the vessel (¥ig. 2). After this quan l’ll
tative removal of the liquid into the vessel there remains c_>nly the
estimation of the subsidiary component, 'hithet-'to inert, . whlc!nh WﬁS
,,smuggled* in a great amount into the liquid in connection with the

14

strongly diluted effective constituent of the reagent solution. This
estimation is carried out in various ways according to the accessory
salt used. Accordingly we have to decide already in advance on the kind
of vessel needed (centrifuge cone, etc.) and also on the corresponding
preliminary preparation of the solution. The individual possibilities will
be discussed below in connection with the examples given. In some
cases one can after a short and easy preparation of the solution pass
at once directly to the final volumetric determination of the auxiliary
component by means of ordinary burette or Bang’s microburette. For
a more accurate determination of very small quantities of substances
it is best to empty out the volumetric solution very carefully from
Bang’s microburette, its outlet tube being in direct contact with the
humid inside surface of the vessel while quickly stirring the solution
in the lower part.

After emptying the content the inside of the reaction tube remains
sometimes soiled by an adhering fine precipitate (AgCN, mercuric nitro-
prusside, etc.). If a complete cleaning cannot be achieved by the use of
suitable reagents (ammonia, potassium cyanide, etc.), mechanical
cleaning has to be carried out by means of a small tuft of moist cotton
wool fixed to the end of a thin wire. This mechanical manner of cleaning
cannot be carried out in the thin bent part of the reaction tube, and it
is then preferable to use for this purpose a narrow feather, e. g. the
pinion of the wing of a partridge. Special care has of course to be taken
that the glass inside the trickling pipette or the reaction tube is not
greasy, as this would produce disturbing irregularities especially in the
movement of the inner liquid filling. There is no need first to dry the
moist tubing; it is enough to rinse it twice consecutively with a few
drops of acetone or ethanol, by which the water is quickly removed,
and only then are the traces of grease inside the tubing removed by
rinsing twice with petroleum ether (benzine). The vaporisation of the
organic solvent takes place very quickly after attaching the tubing thus
purified to a filter pump. As the acetone or ethanol mixes with water
as well as with benzine, the procedure here described is the most
suitable for the given purpose. Instead of benzine one may use e. g.
also carbon disulfide, which likewise mixes well with acetone and also
dissolves vaseline excellently. Carbon tetrachloride on the contrary
cannot be used instead of benzine for the given purpose, as it evaporates
very slowly. The thin coating of vaseline made on purpose at the end
of the tubing has to be removed mechanically, at least in its main part,
already before using acetone, by means of moist (and therefore soft)
filter paper.

When one uses a reaction tube with an inside diameter of more
than 2 mm., the procedure is analogous. In the final rinsing of the
tubing with water care has to be taken that the inclination of the
reaction tube is only small, so that a small amount of water is sufficient
for rinsing it; but it has to pass through it slowly. Even if in the work
itself (injection of the reagent solution) the liquid column does not rise
quite to the orifice of the short end, it is necessary to coat the orifice
of the tubing and a narrow outside band below it very slightly with
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vaseline so that in the final draining and rinsing not even a little of the
solution adheres here needlessly long.

The ratio of the content of the wide arm of the trickling pipette
(calculated only for a column about 2 cm. long) to the quite trifling
volume of the solution, which trickles out in the short ,injection from
the tip of the pipette, is incomparably greater than the ratio between
the volume of an ordinary burette (50 ml.) and one drop (0.04 ml.) of
the solution. This gives us on the one hand the advantage that the
trickling pipette represents even with the rather small part of its wide
arm a considerable reserve of the reagent solution, and on the other
hand that this solution can be added to the sample examined even in
minute amounts.

In precipitation reactions (argentometry, mercurimetry) the fine
capillary opening of the trickling pipette is sometimes stopped up, and
thus the accuracy of the result may be considerably endangered. If
from the considerable rapidity.of the reaction it is then evident that
the equivalence-point is still very remote, it is enough to attach to the
wide end of the trickling pipette a long rubber tubing ending in a glass
tube and by sharp blowing to remove the stoppage in a very short time.
When, however, it comes to a stoppage already near the equivalence-
point, then there remains nothing to be done but to rinse the end of
the trickling pipette quickly and carefully with a droplet of distilled
water by means of a glass rod drawn out into a fine (0,5 mm. or less)
end. This manipulation has to be carried out so that the droplet of
water runs down into the orifice of the reaction tube and thus carries
along also the main part of the solution adhering to the end of the
stopped-up capillary pipette. Then the trickling pipette is lifted upwards,
is loosened, and purified by pressure. Then its tip is finely smeared on
the sides with vaseline, and the operation can continue.

I1I. The Chemical Foundation of the New Working Method. -

I arrived in a logical way at the working method described in detail
in this paper from my way of bases determination (2) mentioned already
earlier, whose method is very briefly outlined on p. 20. The final
estimation of 105" I carried out polarographically, and I used this my
new method with success immediately for the solution of the problem
which arose when calcareous fossils and fine shells in the museum
collections fell to pieces in contact with glass. This disturbing pheno-
menon was caused by the excessive alkalinity of the glass (4), which by
the new method could be easily and accurately traced. The main point
of the determination is the neutralisation of the extract by iodic acid
by means of the trickling pipette.

As also the iodimetric determination of iodates is considerably
accurate, I then tried to use instead of polarography for their estima-
tion titration with thiosulfate solution added from a Bang microburette
to the starch end point. To increase still more the sensitivity of the
determination I added sufficient potassium iodate to the solution of
jodic acid. This achieved that for the neutralisation of a slight alkalinity
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very much weak acid solution of iodate was used. T i
was then estimated iodimetrically. From the gz&%gtevrxlftitﬁf llggggfersl
amouqts of the base one can estimate accurately from the final con-
sumption of 0.01 N thiosulphate the very small analysed alkalinity. Thus
potassium 1qdate was ,,smuggled” into the reagent solution proper
(iodic acid) in a great amount as a component inert at neutralisation
f;or(;ns tvivr}rxlgig ir:ount it W?Sl, ho}\:vever, possible in the final determinatior;
ry accurately t i i
e el g s y the amount of the constituent estimated,
~ Though the principle of my working procedure is i i
simple, many obstacles arose in carrying %tf)t the new meet?lsoedngrllagiagilizlg
The main problem which had to be solved as satisfactorily as possiblé
was thg choice of suitable inactive admixtures added in a strong con-
centration to the effective constituent proper, which in other methods
is used alone_ _without admixtures for titrations. It goes without saying
;}Sxa;:dtg;ax?uxﬂltar};hsubs&ance, which can be used in great concentration
ure to the volumetri i i i
g ik tric solution, has to comply especially with

1. It must not react at all with the effective ich i
the main cons_tij:uent of the volumetric standard soslﬁ?ii)trin ettt

2 A sufficiently accurate volumetric method, easy to carry out
must3 m’?}?t for its quantitative determination. :

- - The compounds which are formed by the reacti -
stance examined with the active substanceyproper of t(;lr:z gga;}:}itsgg-
lutllon must not have an adverse effect on the accurate volumetric
e‘esgrlr{latlon of the auxiliary substance, which is the final act of the whole

Relatively very few substances answer all three of
Furtt;er we hqve to remember that there are not eithgxl-e?sa(ril;m‘?c?lis-.
metric determinations which can be carried out easily and accurately
Already frqm these two facts it follows that the new method can be.;
used_ pnly In some cases, and that the mere apparatus is by no means
§uff1c1ent for the actual practical application of the method. Thus it
Is necessary to elaborate for the estimation of each given substance
when using thg manipulation procedure described, an entirely new was;
of determlnatlon, in which the first phase of procedure corresponds to
the reactions which take place in ordinary titrations, but where the
seconq phase demands sometimes certain special operations in order
to eliminate the otherwise disturbing influence of the substances
present.

For the first phase of determination come into consi i
common re:actions manifesting themselves in titrations. SA(;eIl%gli(r)rrlletttgz
deterr_mnatlons.and titrations with permanganate are particularly accu-
rate, it was suitable to use just these for an accurate determination of
the equ1valeqce-point. The ,trickling* pipette in connection with the
use of the ,,pipe* reaction tube enables us to fix sharply the equivalence-
point even for very small volumes of solutions. Thus in the first phase
qf the prqcedure it would be suitable to use as reagent solution espe-
cially a diluted solution of thiosulfate, iodine or permanganate, which
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besides the active component mentioned above would always contain an
excess of a suitable inert salt. Only in the second phase of the procedure,
when we have to deal with the titration of relatively greater quantities
of substances, one can use rather neutralisation or precipitation reac=
tions, even though these are far less sensitive than the oxidation-
reduction reactions. These latter are suitable for the first phase of the
operation, i. e. for the work with the trickling pipette, because they
exclude a stopping up of the capillary outlet, in contradistinction to
the precipitation reactions. But the possibility of a choice of the re-
action is unfortunately not so great that the method just outlined can
be used invariably and easily. :

It will be best first to state which salts can be added as an

: auxiliary inert substance to the solution of thiosulfate,

iodine or permanganate in the sphere of my working method. Here it
is necessary to remember that even when in the neutral or only weakly
acid medium itself two given substances are mutually practically enti-
rely inactive, it can come suddenly, after introducing their mixture
into the acid solution examined, also to their mutual reaction. In other
words, the mutual inactivity of the two may be only apparent, obtaining
e. g. only for the neutral reagent solution, but need not be preserved
in another medium.

A relatively very suitable inert admixture is afforded by calcium
salts: Though calcium cannot be estimated directly, yet it can be preci-
pitated in the second phase of the operation as oxalate, and by centri-
fugation and washing the amount of calcium oxalate can be determined
with a standard solution of permanganate. The advantage of this pro-
cedure is that the cation Ca” cannot react at all with permanganate,
and thus is neutral, and also the acid reagent solution is very stable.
It is of course a drawback that it is necessary to precipitate, centrifuge
and isolate the calcium oxalate in a pure form, which lengthens the
determination. As a calcium salt I used mostly for the given purpose
calcium nitrate. Its solubility is very great, so that a specially great
ratio of calcium to permanganate, and thus also a great accuracy of the
final determination, can be achieved. It is of course necessary to ensure
that before the precipitation of the calcium oxalate the solution does
not contain any sulfates or phosphates, as in that case the calcium
will be prematurely precipitated as an insoluble salt.

In the precipitation of the calcium in the second phase of the pro-
cedure care has to be taken to add to the hot acid solution, which con-
tains also a minute amount of manganous salt, ammonium oxalate in
sufficient excess, and only then to add ammonia up to a distinctly alka-
line reaction. The manganese present is not precipitated at all from the
_solution, as it is bound in it in the form of a soluble complex compound.
But even if this were not so the error arising from its presence (as in-
soluble oxalate) would be eliminated by the amount of manganous salt
present being directly proportionate to the amount of ,,smuggled in*
calcium. Thus after essaying with a known (preferably rather large)
amount of the constituent to be determined one would calculate for
the same reagent solution under observation of the same working
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condit_ions also the accurate content of the component to be determined.
Thus it depends mainly only on the component estimated not acting
disturbingly in the final determination.

It goes without saying that the solution of the substance investi-
gated must not contain already perhaps beforehand the same compo-
nent which as inert admixture is in the reagent solution. In the case
given it has thus to be free of calcium salts. Similarly cation Ca” (in the
form of calcium nitrate) can be used as admixture to the solution of
thiosulfate or to the iodine solution.

Instead of cation Ca” one can use as admixture for the oxidation-
reductiqn reactions also other substances, though as already said above
t.he choice is not great, as they comply only rarely with the demands
listed above. Thus e. g. we can use as admixture to potassium perman-
ganate also a saturated solution of sodium chloride, and in the second
phase of the procedure the amount of chlorides is estimated most easily
by. means of mercurimetric titration according to E. Votodek 9),
using sodium nitroprusside as indicator. This will still be discussed in
greater d.etail in the section with examples of some estimations.

It might be thought that iodates would be a suitable admixture to
a sglutlon of potassium permanganate as they can be determined very
gasﬂy and very accurately. Unfortunately they cannot be used. Though
In a neutral solution they do not react with potassium permanganate,
yet as soon as this mixture is introduced into an acid reaction medium
gl), the iodate, present there in great excess, would be oxidised at least
In part to periodate. Besides in some cases the component estimated,
;”:itht which the permanganate is to react, could be oxidised already by
odate.

. Chlorides of course do not come into consideration at all as auxi-.
liary admixture for iodimetric reactions. When using a solution of iodine
one can, .however, gain by the new method a very high accuracy of esti-
mation, in those cases where the analysed component proper does not
act disturbingly: A small amount of elementary iodine is dissolved in
a very strong solution of potassium iodide, and this slightly yellowish
brown coloured mixture is then used for filling the trickling pipette.
The solution has to be kept in darkness, and its content of free iodine
has to be controlled fairly often. After reaching a blue coloration of
the Investigated liquid (from the presence of starch) the content of
thc:: reaction pipe-tube is washed out, and the iodide is transferred by
oxidation with saturated bromine water quantitatively in anion 105" (7).
The. excess of bromine is removed by formic acid (8). Then sufficient
KI is added, and the iodic acid formed is estimated iodometrically by
means of 0.01 N NaySy03. This method will be described in detail elsew-
here in an another separate chemical article.

~In view of the great solubility of KI in the reagent solution and in
view of the great sensitivity and accuracy of iodates determination the
mc_ethod described permits a great accuracy of estimation even for quite
minute amounts of the-substance determined. The procedure is rela-
tfvely quick, as it does not demand any centrifugation either for separa-
tion or for ‘washing purposes. It can be used e. g. for the estimation of
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other hand, in the determination of sma

1 T > et T
culty does not arise, as the slightly aci M e

d solution of potassium iodate

minute quantities of arsenites or arsenic trioxide. Though the very
minute amount of arsenates formed is finally titrated together, yet their :

amount is quite negligible, and besides it is taken into account in the e g‘lgxl'ugfeadg?:grgg?: tte? amfouqt of 105’
comparative essay with a known quantity of arsenites, and the amount : , rent ways, but in thea e Ik
is accurately proportionate to the quantity of smuggled in iodide or of E 3 :
the finally resulting anion of iodates.

The scope of the new investigation method will be enlarged if it i g : >
proves possible to treat in the first phase of the procedure also preci- 4 mated as or;gl:tlgraftii (111nsi,ead of ferric alum).
pitates, e. g. calcium oxalate. But here a pipe-tube cannot be used, but - Bl b
only a small centrifuge cone as will be discussed still in the final section
with supplements to the general manipulation technique.

For the first phase of procedure with the use of a trickling pipette
and a pipe-tube a suitable oxidation-reduction or permanganometric
method cannot, however, be applied always. Thus one has to be satisfied mercuric nitro
for this purpose with the use of the less sensitive neutralisation or = pipe-
precipitation reaction, where it is sometimes even necessary to take !

corrections for the volume of the examined solution, ascertained by ammonia. Th
: - Then only the cone is heated by ing it i
placing it in hot water. After

blank determination carried out parallelly. _ . centrifugati wa -

For estimating minute quantities. of acids or bases a reagent E weaker)gHC?,naggdt}fénis;gg i:”tht.water Fe(OH); is dissolved in 4 N (or

solution can be used which contains in addition to hydroxide or acid : 2 Lead is transferred ftes sise it e oally,

still an excess of potassium ioc'ia_te. After effecting the neutralisation : cipitation as PbSO,, with 'sziilv:: ngfg:: téon. frorr} other metals and pre-

the amount qf smuggled-in 103" is estimated lodometrlcally and from The cation Ag" thus liberated (fr ha i lnsolubl.e ead chromaie;

the consumption of 0.01 N NayS;03 the amount of the acid or base in in the way described ab om the silver sulfate) is then estimated

the sample examined can be calculated. The precondition for this is of Finally it has to be ?‘Zre;lark d at | i

course the absence in the sample examined of reducing substances which ) nation of some component ed at least briefly that for the determi-

would react with 105. With a very minute amount of the estimated acid ¢ by which then with tl:)he us: gfp tz;ri?i’cl?l?rvlg rglept h&dstﬁ:an PRSIy
ette the accuracy of the

or base it is necessary to pay attention to the correction determined - esti ion i ; x
by blank determination for the same volume as is the volume resultant - cati:)r;at(lg;l Ilsr:g;{i OSr;lésttantlally Increased. In my preliminary communi-
after reaching the neutral point. It is also advantageous in terminating g such a method which
the neutralisation by means of the trickling pipette to have in front of
one for accurate comparison the colour tone which the indicator gives
(e. g. methylorange) with approximately its equal concentration and
equal volume in the acid medium and in the neutral and alkaline me-
dium. It is of course also possible to add instead of KIOs to the acid or ‘ k , ;
base much Ca(NOjz); or CaCly, and after neutralisation in the pipe-tube t ’ . i ifugation,
to .precipiyate from the resulting solut.ion calciunt as_ oxalate,. and to . : in nitric acid. The cupric nitragai nfsferred e ogddg easily soluble
estimate its amount permanganometrically. The procedpre is then, - lution to dryness is liberated fr ormed by the.vapoglsatlon of the so-
however, considerably lengthened by the necessary centrifugation, and . lution, which does not contai i s v el I ds oply in this o
calcium cannot be used as admixture in the case of phosphoric or 3 precipitation of copper a ain any other metal than copper, that the
sulphuric acid because of the little-soluble corresponding salts. 3 Though this salt ispcon §dcupﬁc iodate, C

In using an admixture of KIOjz to the solution of acid for determi- i it
nation of traces of bases the concentration of anion 103" is, however,
considerably limited on account of the small solubility of acid potassium
iodate, whose existence (or, better said, ability to precipitate in solid
form) we have to assume in such a solution. Thus the procedure outlined
is suited only for the determination of very small amounts of bases
(around 1 microgram) as with greater amounts (in using about 0,01 N H', _. i )
i. e. 0.1 N HIOj3) the volume of the acid mixture added would soon exceed ] ume amount larger
the original volume of the solution examined (0.01—0.03 ml.). On the ' ! After stirring with

The calcium is then esti-
ally titration with a solution of 0.01

For thg dete_rmlnatlon of chlorides it is advanté eoltjlI KtMnO4.
the mercurimetric method ace ) oo o

prusside begins to ap
tube to a small centrifuge conef)

S it a small crystal of NH,CNS is added

is precipitated immediately with
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lass rod and after one hour’s standing the precipitated Cugo‘gizl (l)S
?:egtrifuged. For washing it 96 pericent ethanOIe:sasoftoat?:uil:lsti n timeg
ipitation in an exc
can well be used for the precipita O i of - the
i e amount theoretically needed for the P p on
z(\:%ames: :Cl‘tllle excess of LilOsz is easily removed ﬁ.'om the prec11p111:;9t§é ?fé
LiF(I))g i's not only very soluble in water but also in aqueous solutlo

ethar’}c;:é following equation ai)plies for the direct iodimetric estimation:

Cu(103)z+12 HI=Cul +13 I+ 6 Hy0.

i toms I, so that in using
tom Cu corresponds to thirteen a » SO
Thél:ng-nfniacroburette 0.01 ml. 0.01 N NaySy03 would indicate onlyC OAcﬁ'
?’nicrograms Cu; thus already by this method alone the accura gf :
determination is considerably 1(1ieigg11(:ie_ned£ ﬁtlr.grigl:l %i?c?lt?l:l iggtcxilf;ieywe
i C
of course reached when instead O lire s o cutitain:
ickling pipette with a solution e. g. oL U. 259 ;
lilr?g giir?ugtl:neogslgrpalso a great amount of a calcium salt, e. g. nitrate

f calcium. :
; As. however, cupric iodate is obtained as ; fpreﬁ?lt?\gi’thg;eﬁigie'
’ ’ . : r e =
i trifuge cone, a pipe tube cannot be used for r
;geitc.e'{‘lo thegwashed precipitate of C';I(It(r)ls)z wec?ggtal?tgfﬂ;i c:g(’;rlff;xg;
me 4 N HCIO4 (not stronger:), en a ; , 8
Eﬁget:igkling pipette a solution offNa%SigOZ, (ei.trgétg.ofsingﬁ;n;a}i)t tllse lsetf:r::(t)l
: n .
trickle out, with a great content ol caic um e
i i t be used for acidiiica
solution is still added. (Sulfuric acid cannot be | i e
i i be precipitated, which p )
little soluble calcium sulfate would e e
ipi i late would have to be dissolve
the precipitation of calcium oxa e i st B
istilled water. Perchloric acid is very stabl€ a¥
e S e idising agent, in contradistinction to
jon 105 cannot act on it as oXidis g agent, g e
lorid acid. After very strong acidification e othe:
ttggfioglo?xld be oxidised already by atmogpherlc oxygen.) ”_I‘I;e liquid is
stirred with a glass rod drqwrrout to a tfla?e(g;giur::ngfp:;ﬁ i.um HE
After reaching the equivalence-poin ount : e
i id, i d by titrating its oxalate. g
earlier entered the liquid, is determined by LiLEd : g b
tion is taking rather a g
the whole procedure of copper determina A8 e
i i Cu can thus be determin
time, amounts of 1—5 micrograms C o i i e e
i ccuracy. In order that it may not be :
?::gggtﬁaihi wholg procedure for accurate comparison VYlth a krilto}wlivrax
amount of copper, it is preferable to fill tI;)e trx.clflmga Egzt;g ‘% e
i : termination, by mixing
solution, prepared ‘before the de : B
i i tely with an equal VO
of the solution of calcium salt accura s cscund
O-. The best way to prepare such a soluti : ;
?ﬁmtll:e bi?rﬁ% gection giving supplements to the general manipulative
tech?:lql:ﬁ.e cases given I used a solution of t;alcmmklr'litm;i% :{{202 glciz:
i i L filling the trickling
tained in 1.00 ml. 12.2 mg. Ca’. For 10
thi i i tely equal volume of U. 1959
ture of this solution with an accura f g s
i then sucked into the pip
d. The solution thus obtained was ' 5
:ﬁi&;ﬁ its fine tip. To the amount of 12.2 mg. Ca” there thus corres
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ponded 1.00 ml. 0.1 N NayS;03 or 0.49 mg. Cu (after the equivalency
derived and given already earlier), so that 0.1 mg. Ca” determined per-
manganometrically indicates an amount of 4 micrograms Cu. By using
a Bang microburette, i. e. with the possibility of reading off the volume
of the solution with an accuracy of 0.01 ml., it was thus possible to
estimate by means of 0.01 N KMnO4 (for titration of calcium oxalate)
the content of copper with an accuracy of 0.05 micrograms of copper.
This example has been given on purpose in detail so as to show con-
cretely how the sensitivity and accuracy of a determination can be
increased very greatly also without the use of a special and expensive

microchemical apparatus, by the mere introduction of new methods
and new working principles.

IV. Examples of the Practical Determination of Some Constituents.

In valuating museum material especially in archeology and nu-'
mismatics it is often important to determine in the given objects the
content of copper. As, however, from the objects (e. g. coins) one can
often take without visibly damaging them only minimum quantities of
the sample needed for analysis it is necessary to elaborate very fine
methods of chemical investigation for valuating such objects. If a micro-
chemical balance is not at one’s disposal, it is necessary to restrict
oneself only to tracing the mutual ratio of the different constituents,
in metal alloys e. g. the ratio of copper to silver, and to estimate these
constituents as accurately as possible in a suitable'way. For this pur-
pose I tried to elaborate the prescriptions and procedures given below.

Besides the procedure for the determination of minute quantities
of copper, as described above, one can determine copper by means
of the trickling pipette and also in other ways. Thus e. g. one can, after
adding a crystal of KI, introduce a weak solution of NayS;03 with a very
strong admixture of a calcium salt from the trickling pipette directly
into the liquid in the pipe reaction tube, and after reaching the equiva-
lence-point (finally after the addition of the starch solution) estimate
the amount of calcium introduced into the examined liquid. It is, ho-
wever, a drawback that the solution of starch can be partly mechani-
cally drawn into the precipitate of calcium oxalate, and thus the con-
sumption of permanganate in the titration is increased. To prevent this
the thickened solution has to be warmed some minutes with an equal
volume of concentrated nitric acid, by which the starch is disintegrated
(transferred in oxalic acid). For the rest it is enough for the given
purpose when the liquid loses its colloidal turbidity and becomes clear.

Another metal very often coming into consideration in historic
objects in museums is silver. Though by means of the trickling pi-
pette its determination can be carried out in several ways, we shall
mention only the one in which one starts from the pure solution of silver
salt alone. For the rest it is of course necessary to separate the silver
previously from the other metals in the form of chloride, to reduce the
latter (e. g. in an ammoniacal solution by glucose), and after the sepa-
ration of metallic silver and.after washing it (using an electrically driven
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centrifuge) to transfer it with nitrictacid in a solution of silver nitrate,
i i mitted to treatment. . . . oF
Whlcgot'hirtllelspigsipitation of silver salt splutior_l with thlogyan;te l:h i:
best to use an admixture of strong calgmm nitrate solu.txon. 00or i
purpose 5.00 ml. solution of 0.1 N NH4CNS are mixed w13h 5.C . S s
tion of Ca(NOj), which corresponds to an amount 'of 0.61Vg.1 ha .r s
first phase of procedure corresgond.s in th_e main to : od faferric
method for the volumetric determination of silver. But ins lea. o i
alum only a little ferric nitrate has to be added. to the so utll((imbe .
pipe tube, as by the action of the alum the admixed Ca wgub slr)n b
cipitated as CaSO4. The solution has. to be _weakly acidified by aof s
droplet of nitric acid. The solution is put into the shtlnrteg arg:escribed
pipe tube with a thin-walled capillary pipette as already ol
above (p. 11). The necessary reagents are introduced into the i
of the shorter arm of the reaction tube with a glass rod drawn olu e
a very fine point. As the volume of the exarqmed soluthn is (;)n y soog
small, we have to take care that the operation }s terminate tlas o
as the first reddish shade is reached, which remains perman{eg}ll %1 S
draining the content of the reaction _tube ar.ld' rinsing it wllt g
water into a centrifuge cone calcium is precipitated as ox? e; Le an
termined by titrating with the s@andard permanganate sc»f uﬂllci)(r)lé e
For a given content of calcium salt in a sglution_o o %14 -
610 mg. Ca” correspond to 5.00 ml. g%)lN CFSO’Ov{hEh Iir;/cil:ga:e; diéate agn
i 's microburette 0.01 ml. 0. _indicat
I:g{ouﬁi olfnloB?I?i%rograms Ca, one division of the graduation 1nd;ca/_t\es
for the given reagent solution simultaneously 0.8842 mlcr.'ogramacC 1?-'
One can thus determine the amount of 1 microgram Ag wit a: 5
racy of only about 50 per cent, th(lef amgunttofdl(zhr:tlctrgggir?sssogy e
cy of 5 per cent: It is self-understoo .
?1?ti2;cg£aceﬂcium r?itrate can be used ip a _still far greater con%eintizgzg,
and thus also the accuracy of determination can be considerably trate(i
It is of course necessary to say immediately that very conc_in. .
solutions have already a great viscosity, and that theyefore_ lttl:s &
cessary for measuring them either to use only was.hmgd pipe : a’t .
will be mentioned in the last chapter, or a comparative eterm natel
has to be carried out with the prepared mixture by using an accurately
[ silver. ;
knovgmy atrlrllgurrll;wc’fworkmg method the sensitivity also for the d_eﬁ:rn.n:
nation of very small amounts of chlorides can be substantia yd;rr:
creased. In principle one can use the mercurimetric method s;ccoirt rat%
to E. Votoéek (9), in which, howeveq, a great excess of fer_rii:lin .
is added to the mercuric nitrate solution. For filling the trlcl ggnpof
pette a mixture of 0.1 N Hg(NOs3); and pf a coprentrated solu ?‘ust
Fe(NOs); in the ratio of 1:1 was used. This solution has a strong = obil?
yellow colour. Thus a very great accuracy was reached for amounts
—- rograms CI’. ‘
; 1?nn;i§d(i)tgion to the examined solutior_l we iqtroduce into thle slilo:(;:
arm of a pipe tube a small droplet of pltric acid and some pu verC tsled
sodium nitroprusside. As soon as a persistent weak turbidity is rea
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the content of the reaction tube is washed out into a centrifuge cone,
and then we proceed as described above on p. 21. The results for very
small amounts of chlorides are rather somewhat higher than corres-
ponds to the theory. If after adding NH4CNS we let it stand for some
time or heat it, a blackish brown precipitate is formed by the action
of ammonia. By adding a drop of hydrogen peroxide and heating (by
placing the centrifuge cone in hot water) it can, however, be transferred
relatively easily into the red brown precipitate of Fe(OH)s;. This is then
washed, by using centrifugation, by hot water alone. From the amount
of iodimetrically ascertained iron the amount of chlorides present in
the analysed sample can be determined with great accuracy. By the
addition of thiocyanate the mercury present is transferred in a soluble
complex compound, in which it persists also after adding ammonia, by
which Fe™ is, however, precipitated as ferric hydroxide. The presence of
a great excess of Fe™ does not disturb at all in the determination of
chlorides according to Vot o ¢ek’s method.

The determination of small amounts of bases has already been
mentioned on p. 20. The admixture of KIO3 in an even if only weakly
acid medium cannot unfortunately achieve great concentrations because
of the only small solubility of acid potassium iodate in water. When we
want KIOj3 to be in excess, then for the given purpose we do not achieve
practically a higher acidity than about 0.05 N H', as with a higher con-
tent of HIO; acid salt is already precipitated, and the amount of H’
approaches the amount of 10’;, which is quite unsuitable for the given
purpose. :

A solution obtained by dissolving 0.7 g. KIO; pro analysi (Schering-
Kahlbaum) and 0.035 g. 1,05 (acidum iodicum anhydr. p. a. Schering-
Kahlbaum) in a small amount of water and diluted to a volume of 20 ml.
was used for these experiments. This solution represents an acidity of
approximately 0.01 N H'. In reality its acidity was, however, slightly
less. As the sensitivity of the neutralisation reactions in the presence
of common colour indicators is much smaller than in oxidation-reduc-
tion reactions, it was necessary to pay attention to the most accu-
rate achieving of the right colour change in the equivalence-point, and
also the volume of the solution had to be carefully considered. The acid
mixture was added from the trickling pipette to the investigated sample
of the base only until the first, just certainly discernible change from
yellow to orange. It was compared with equal volumes of acid, neutral,
and alkaline solutions in tubings, closed by melting, just as wide (2 mm.
of inside diameter) as the reaction tube and with an equal amount of
methyl orange.

After neutralisation of 0.01 ml. 0.01 N NaOH with iodate mixture
from the trickling pipette the volume of the examined solution increased
to about 0.02 ml. At the iodimetric titration of this liquid by means

of Bang’s microburette 0.93 ml. of 0.01 N NayS,03 was required. With

a comparative determination with the amount of 0.02 mil. distilled water
alone it was found that for reaching the same colour tint 0.44 ml. of
0.01 N NayS,03 was required. Thus in the first case after the treatment
of 0.01 ml. 0.01 N NaOH only 0.49 ml. of 0.01 N NayS,05 was finally
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really required. By using a small reaction tube (2 mm. inner diameter)
one can determine with this accuracy in a volume of 0.01—0.02 ml
only an amount of up to 2 micrograms OH’. For larger amounts it is
better either to use larger reaction tubes or to use instead of KIOjz
another auxiliary substance, e. g. Ca(NOj);, which has not yet been
examined. In this latter case the determination would of course take
a much longer time.

The given method has much greater possibilities in the estimation
of acids, as in a weakly alkaline reagent solution even a very great
amount of iodate remains, and thus also a very favourable relation of
OH’ to 103’ is achieved. By the use of very soluble iodates (e. g. LilO3)
as admixtures it is possible to increase the sensitivity of the method
especially much. Generally speaking it may be said that the advantage
of using iodates as inert admixture is that in the end they can be very
easily and very accurately estimated iodimetrically, and that the ion
105" is rather unusual so that it is not likely to be present in the
examined sample already beforehand. It is, however, a drawback that
the ion 103’ in an acid medium easily reacts with reducing agents.

If for the analysis an insoluble substance is to be used, prepared
by an appropriate preliminary treatment (by centrifugation of a preci-
pitate), then instead of a pipe-tube a centrifuge cone has to be used.
Such a case may arise e. g. with the determination of small amounts
of calcium. The trickling pipette is filled with a solution of sodium
chloride with a small amount of potassium permanganate (e. g. 9 volumes
of saturated NaCl-solution and 1 volume of 0.1 N KMnOy). The details
of the manipulation technique, which is a little different from those
described so far, will be given in the final section. After reaching a
persistent- pink coloration the chlorides in the liquid obtained are
estimated mercurimetrically according to Voto ¢ek’s method (9). For
the given reagent mixture (solution of KMnO4 + NaCl) it is necessary
to determine the amount of calcium which corresponds to a volume
of 0.01 ml. of the Hg(NOj3); solution. This can be done experimentally
or by calculation, provided of course that in this latter case the con-
centrations cf the substances in the solutions used are accurately known,
and provided that the solution of NaCl was mixed in a definite,
accurately known ratio with the solution of KMnOy This operation is
best carried out shortly before the determination. For the acidification
of the calcium oxalate suspension perchloric acid or nitric acid (not
sulfuric acid an of course in no circumstance hydrochloric acid) has
to be used. The simultaneous excess of chlorides has no influence
whatsoever on the amount of permanganate used. The manganous salt
formed in a small amount does not disturb at all in the final mercuri-
metric determination.

The few examples given above for the estimation of minute quanti-
ties of certain components will perhaps make the possibilities of the new
working method sufficiently clear and give the necessary information
concerning the concrete problems which arise in its application.

V. Supplements to the General Manipulation Technique

In order to prevent confusi isi
_ usion arisin,
tion of data on some points treated of i

as it is very strong, very
tion processes (at least in
as its calcium salt is very

stable with regard to the oxidati

; xidation-reduc
dilute aqueous solutions), and especially
soluble in an aqueous solution.

In order to obtain acc c
urate
observe the correct results it

is spec@ally important to
brecipitates and of
e centrifuge cones. I have

to wipe the whole
ne thoroughly with




a small glass rod with a short piece of rubber tubing fitted over its
end (‘‘policeman”), SO that the precipitate thus loosened from the walls
is scattered in the clear liquid. After rinsing the end of the glass rod
with water we centrifuge again. It is not until this second centrifugation
has been done that the clear supernatant liquid is sucked off by means
of a pipette drawn out into a fine and long tip and connected to a
suction pump, until the liquid stands, about 1—2 mm. from the preci-
pitate settled in the fine end of the centrifuge cone. Then the centrifuge
cone is turned upside down with the orifice downwards and closed with
a rubber stopper through which passes a fine straight tubing reaching
to the pointed end of the cone, but still a little from the precipitate.
The outer part of the glass tubing projecting from the stopper is strongly
pent in the shape of the letter V. The rubber stopper has on the side a
groove-like incision in the direction of its axis. After closing in with
the stopper the lower part of the centrifuge cone is immersed in a deep
dish with distilled water and the tube is connected with a filter pump.
(Fig. 4.) In the suction of the air the water penetrates through the
groove in the stopper into the cone turned with the orifice downwards,
and streams to the narrow upper end of the cone where it tumbles
down into the tip of the suction tube and is sucked out. Thus the whole
centrifuge cone is thoroughly washed and freed completely from all
disturbing substances which are adsorbed on the glass surface (excess
of reagent solutions). By an appropriate shifting of the tube through
the stopper or emersion of the stopper from the water the height of
the water or air column in the narrowed upper part can be regulated
(Fig. 4). :

The orifice of the centrifuge cone, into which the stopper is pushed,
has still to be separately wiped inside with moistened cotton wool (like-
wise of .course in inverted position), before as well as after washing.
Washing has to be carried out quickly after centrifugation and the
sucking off of the clear supernatant liquid, for if not the precipitate
might in an inverted position in some cases, especially after too weak
centrifugation, gradually move down. It is therefore desirable to use
a magnifying glass for observing the column (1—2 mm.) of liquid which
is at the surface of the precipitate in order to see whether it remains
permanently clear.

For the analysis of somewhat large quantities of sample it is ne-
cessary to use a reac tion tube (pipe tube) with an appropriately

- larger inner diameter. Then the golution rises in the shorter vertical

arm until the second end of its column (corresponding really to the
lower end) reaches from the longer arm almost to the narrowed middle
part, i. e. to the middle of the bent tubing. In this marginal position
the end of the trickling pipette must reach into the upper end of the
solution column so that the outflow of the reagent mixture into the
examined sample may take place. The tip of the trickling pipette is
pushed considerably far into the orifice of the shorter arm of the
reaction tube and carries at least one, better two rubber discs, by which
the end of the trickling pipette is centered so that it cannot touch the
moist inner wall of the reaction tube, as this would lead at once to
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Fig. 5. Washi i |
ing pipettes, upper part of the bottle with compressed air, drying of wash

ing pipette with filtered air and cork with a paper ribbon

29




an undesired outflow. In the course of the operation it is of course
necessary to raise the tip of the tricklipg pipe.tte. so that there dogs
not remain too great a volume of solution beh_md the narrow ber'ld. in
the lower part of the longer arm of the reaction tube, as the mixing
carried out by its shifting would then be imperfect.

In the preceding chapter it was shown by a concrete example 1.:hat
instead of carrying through the often slow comparative determlpatlons
with an accurately known content of the estimated substanpe it is more
advantageous to use for filling the trickling pipette solutions with an
accurately known ratio of their effective substance proper to the inert
auxiliary substance. For obtaining the maximum accuracy it is su{table
for the given purpose to use pipettes without a dgtermmed §1rpple
content, but which can be rinsed still subsequently ins.lde with distilled
water. They can be made easily from sufficiently wide, thick-walled
glass tubings which are first drawn out into a tip at the end. After
cutting off the terminal part they are drawn out at the Bunsen flame
in some place also to a considerable narrowing so that from this place to
- the end of the tip they have approximately the volume which we want
to measure (e. g. 1—2 ml.). (Fig. 5.) For measuring greater_vqlume_s it
is necessary to blow at the Bunsen flame the part thus limited into
a bulb. In the middle of the narrowed part a mark is shar_ply made. This
is best done by covering the -tube in this place e. g. with rgd sealing
wax (for instance its solution in ethanol), but only on one side of the
pipetté in the directions towards its two ends. Then the covering is
removed with a knife so that it begins sharply in about the middle of
the narrowed part and proceeds from here to one or the other end of
the pipette in a length of a little over 1 cm. This second end of the
covering is left undefined. (Fig. 5.) The volume enclo_sed between the
mark and the orifice of the tip is not given by a simple number.'It
is necessary to keep this volume accurately for mgasuring 'the active
solution proper (standard solution used in volumet.r.lc anglys1s) as well
as for measuring the solution containing the auxiliary inert salt. .

After measuring the solution and draining it into a vessel the. tip
of the pipette is washed with a drop of water and at once a 1'1ttl_e
distilled water is sucked inside, just sufficient for rinsing. This is
repeated still once more, and the washings thus formed are added. to
the main amount. The same is done also with the auxiliary salt solution,
which has a great concentration, and just because of this it is necessary
to rinse the pipette perfectly in view of the viscosity of the salt solution.

- analysis the loss of water caused by evaporation thus does not cause

any error in the result of the analysis.

Considerably thickened solutions of accessory auxi-
liarysubstances [e. g. a neutral solution of Ca(NOj3); or Fe(NO3)s]
for filling the trickling pipette are better prepared in fairly large amounts
and stored so that their content remains stable and there is no need
to control it. For this purpose we can use e. g. a 100 ml. reagent bottle,
in which the glass stopper is replaced by a rubber stopper previously
impregnated in fused vaseline during simultaneous evacuation. When
there is no guarantee that the bottle glass is sufficiently resistant, the
bottle has previously to be covered inside with paraffin. In order that
the paraffin layer should not peel off from the wall of the bottle in the
course of time, it is well to etch the bottle inside with gaseous hydrogen
fluoride, thoroughly rinse with water with simultaneous mechanical
wiping of the inside, and then dry. The concentration of the component
which comes into consideration (Ca, Fe, etc.) must be accurately
estimated by a suitable analytical method and should be marked for
a volume of 1 ml. directly on the label of the storage vessel. When
we use inner rinsing pipettes like those just described above, then it
is necessary to determine the volume they indicate, either from the
weight of the mercury they enclose or through neutralisation from the
amount of decinormal base or acid of the same volume. For the rest
it would of course also be sufficient to determine how much the volume
of storage solution—accurately determined by means of a pipette—
contains of the component under consideration. When necessary it is
better to purify the solutions by means of centrifugation than by
filtration, as the very narrow outflow orifice of the trickling pipette
might otherwise become stopped already by a relatively small impurity.

In the repeated putting away of the volumetric pipette for inside
rinsing it has to be dried inside by a stream of air. For
this a large empty bottle (of at least 5 litres) closed with a rubber
stopper is suitable. (Fig. 5.) Through one tubing air is pumped into
the bottle with a rubber bulb and immediately after the pumping the
tubing is closed either by a pinchcock or by a glass stopcock. To the -

‘other tubing bent downwards, through which the air leaves the bottle,

the pipette to be dried is attached with a rubber tubing so that it
hangs down. Through a third hole in the rubber stopper an improvised
mercury manometer passes, in which the mercury is in the lower
portion of the tubing bent in U-shape. The rubber stopper has to be
tied to the neck of the bottle so as not to be ejected from it by a

Care has to be taken that the resultant solution is not too diluted., for
already the solution of the effective substance is usually very quu.te.
Before measuring the pipette has to be of course completely er ms¥de,
or it has at least preliminarily to be washed with the solution which

greater pressure. The intensity of the streaming of the air is estimated
from the deflection of a paper ribbon placed with the surface in front
of the tip of the hanging pipette. It is advisable to fix the ribbon of
~ paper with one end into a slot in a cork stopper cut across at the
we wish to measure by means of the pipette. For preparing the pipettes : narrower end fqr this purpose. Thg ering is ac.cele;ated_ wher} the
it is advisable to use tubings of chemically resistant glass, which dqes : interior of the pipette washed with d{Stlllgd water: is still briefly rinsed
not fuse easily and which is sufficiently thick-walled. The concentration with aceton-or methanol. Beforg putting it away it is necessary to put
of the resulting mixture is of no importance, but the ratio of its two on the pointed tip of the washing pipette a small test tube which has
e components is. In contradistinction to the solutions used in volumetric in its orifice either a piece of rubber tubing or a rubber stopper with
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. i ipette is protected
iately large hole, so that the tip of the p !
??orip%xggl?iarllt: %’ff. Rll this applies in the main also to the drzli?g :triﬁ
storing of trickling pipettes througlrﬁ yvhichd the:1 :ﬁrnsét:::vrvr;sr ke
ifficulty, as they are at their end m y
s‘;llt;(lafllrt;:gtrdiéffllc)ipe)t,tes. For their dr:ouwggic\ln{et lfgntr?cslilir?gltgiggtvtzrsltzgg
: bulb for blowing, \4 :
20?1?122};(;;3?: I;'ubber tubing, while they are firmly held by a clamp and
' wards with the fine tip.

tum(le?‘(z)rd(i)rvx?x'foducing the solution sample into the shor;:ler iir-r;li gfp?;
o bet;ter t?;husi: tti;lsi :1::) r(:lf):'ee (:last?c than those

i . 11, Fig. 3), as the :
gfl fheicict—svgllfe% ones, gnd thus\the:; iskllless darl:'?o?n tOfo ft}tlﬁére::ie;l;rég

i i wn a
off. For comparative est1mation§ with a kno A g A s
by means of very dilute standard so :

:ubsxt':(rllﬁgteyaccurately the long pipette tip for a certain smallswll;)luE{r(l):
e(;tger with mercury or e. g. by means 231 neutgﬁgsagligxcl f(il))('ed t(') e

' i k a thin ru )
this we need instead of a fixed mar e de 0
ip of inette in the relevant place and to no :
:;Ii)llgrflett};:spliit):tfiistance from the outlet of the pipette0 Bcglgti::ltltlt;r ’1\:;;1123
the size of the corresponding volume (e. g. 122 mm..f b 'v.vax g5
only the mark can be firmly traced by means e. g. of sealing

i < 30). _ :

'deSCI"I{g‘eadniwv:véEking) technique described in tl}is paper is ussteictiugrllstg
for the determination of still other elements and 1mpor‘amtlcor:i ety
whose content is decisive for the correct valuation of natural an
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SBORNIK NARODNIHO MUSEA V PRAZE - ACTA MUSEI NATIONALIS PRAGAE
XI. (1955) - B (PRTIRODOVEDNY) No. 4. - CHIMIA No. 1,
REDAKTOR IVAN KLASTERSKY

K. Komarek:

NOVE PRINCIPY ULTRAMIKROANALYSY PRO CHEMICKY
VYZKUM MUSEJ-
NIHO MATERIALU — NEW METHODS OF ULTRAMICROANALYSIS FOR CHE-
MICAL INVESTIGATIONS IN MUSEUMS

v sf'pnu 19.55.vyd‘alo svym néakladem v poétu 1100 vytiskii Néarodni museum v Praze
Vytiskl Knihtisk, n. p., zakladni zav. 01 v Praze III - Cena broZovaného vytisku 13,30 Kés
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FERDINAND PRANTL a BOHUSLAV RUZICKA

Mnataia nov. gen., novy mlZ z ¢eského devonu

Mnataia nov. gen., HoBbIi MOJUIIOCK Y€LICKOTO 1€BOHA
Predlozeno dne 3. kvétna 1955

PFi svém soustavném studiu drobnych mlzd ze stfedoceského de-
yonu nalezli jsme ve vapencich chotetskych — gz u Holyné dalsi, velmi
zajimavou a svéraznou formu, kterou povazujeme za novou a kterou

proto oznaCujeme jako Mnataia p#ibyli nov. gen., nov. spec.

Vymezeni této nové formy sice zakladdame jen na vyznacnych zna-
cich jediné nam dosud zname, netplné zachované levé misky, kterou
viak: povazujeme za tak charakteristickou, ze postatuje k jejimu dru-
hovému i rodovému odliSeni. Bliz§1 taxionomické zatrazeni této formy
ponechavdme aZ na dalsi oteviené, i kdyZ na druhé strané jsme pre-
svédéeni o tom, ze Mnataia pFibyli nov. gen., nov. spec. nalezi s nejveétsi
pravdépodobnosti do skupiny mlzt pseudocyrtodontniho typu. Za nej-
vyznatnéjsi rozlisujici rodové znaky této nové formy povazujeme cha-
rakteristicky tvar zdmku, typ ozubeni i celkovy tvar misky.

7 ostatnich dfive popsanych gseudocyrtodontnich mlzi upominé
Mnataia nov. gen. nejspise na rod Sufia Prantl a RUzicka, 1955
a do jisté miry i na rod Parallelodon Meek & Worthen, 1886.
7 ostatni nam piistupné literatury o devonskych mlZzich nezndme Zad-
nou jinou formu, kterd by na nize popisovany rod Mnataia nov. gen.
upominala a kterou by bylo mozno s nim bliZe srovnavat.

*

Pe3y/bTaTOM HAIUETO CHCTEMaTHYeCKOro HCC/IEJOBAHHS B oGnactu
MeJNKHX MOJIIOCKOB UEIICKOTO JeBOHA fIBAAETCS CJejyiollas O4eHb MHTE:
pecHas u cBoeoOpasHas (opMa, KOTOPYIO MbI oOHapyXuau B XOTeY-
CKUX M3BeCTHSKAaX — gy (CpeJIHUH JEBOH) ¥ [oJabiHe, H KOTOPYIO
cuydTaeM HOBOH W IMO3TOMYy ee 0003HA4YaeM Mnataia pribyli nov. gen.,
nov. Spec.

Omnpejenende 9T HOBOH (HOPMBI Mbl OCHOBBIBAEM A TO, KaK yIIOMH=
HaeM HHXKE, TOJBKO Ha XapaKTepHBIX 3HAKaX eJMHCTBEHHOH, HEBIOJHE
COXPAHEHHOI JeBOH CTBOPKH, KOTOpbIe ‘0/IHAKO CUHTAEM TaK xXapakrep-
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