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My present invention relates to improved volumetric 
liquid-transfer devices of a type suitable for use in quanti~ 
tative and qualitative chemical analyses wherein relatively 
small quantities of a liquid are to be transferred from 
place to place with considerable accuracy as regards the 
amounts involved. 

In my copending application Ser. No. 130,721 ?led July 
28, 1961, of which the instant application is a continua 
tion-in-part, I have indicated that titrimetric techniques 
in, say, the quantitative analysis of components of a liquid 
frequently require successive dilutions of the liquid to 
be analysed and treatment of the diluate with predeter 
mined quantities of reagent. Both the dilution of the 
liquid and the addition of reagent thereto may be effected 
with the aid of calibrated volumetric transfer devices. 
Hitherto, so-called “transfer pipettes” were about the only 
effective means for transferring relatively small or “mi 
cro” quantities of liquids with any degree of accuracy. 
These pipettes, which generally were glass tubes pro 
vided with a ?ne bore into which the liquid to be trans 
ferred was drawn by suction (e.g. by the application of 
the analyst‘s mouth to the upper end of the pipette), 
had many disadvantages including the relatively awk 
ward vmanipulatability of the pipettes, their large size 
coupled with low volume-transfer capabilities, and their 
lack of reproducibility for the transfer of different types 
of liquids. ' 

-It is, therefore, an object of my invention to provide 
an improved liquid-transfer device of the character set 
forth adapted to' avoid the disadvantages of hitherto 
known volumetric'transfer apparatus. ' 

. A further object of the instant invention is to pro 
vide a liquid-transfer device suitable for microanalyses 
with a high degree of reproducibility and adapted to 
transfer predetermined quantities of many different types 
of liquids while requiring only a minimum of calibration. 
1 Still another object of the present invention is to pro 
vide a readily manipulatable volumetric liquid-transfer 
device of high mechanical stability. 

. I have found that the above objects can be realized 
in a liquid-transfer device comprising a liquid-entrapping 
cage provided with capillary channels affording access 
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to the interior of the cage and extending generally up- ' 
wardly from the lower or forward portion of the cage 
as the latter is thrust downwardly into the liquid to be 
transferred with the aid of a stem or shank which, in 
order to maintain proper balance, is a?ixed to the cage 
at a location along an axis of symmetry thereof along 
which lie the center of gravity of the cage and the apical 
region of its forward portion, the surface of the cage 
converging generally upwardly and outwardly from this 
apical region. The resulting device, whose stem advan 
tageously extends substantially in its entirety along the 
aforementioned axis of symmetry, has been found to 
have excellent mechanical stability. The capillary chan 
nels of the cage should extend upwardly along substan 
tially planar surfaces perpendicular to a plane transverse 
to the axis of symmetry and have portions extending 
generally in the direction of that axis. The arrangement 
set forth above renders the device capable of easily with 
standing the jolts and ShOCks it encounters in normal 
use, in coutradistinction to arrangements, for example, 
wherein the shank is a?ixed to the cage at a location 
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offset from the axis of symmetry of the cage which co 
incides, substantially, with a line joining the aforemen 
tioned apical region (which in generally spherical or 
hemispherical cage con?gurations constitutes the lower. 
polar region) with the center of gravity of the cage. Such 
offset arrangements, though previously considered prac 
tical, have now been found to be incapable of withstand 
ing axial forces acting in the direction of the stem when, 
for instance, the apical region of the cage contacts the 
bottom of the liquid container. 

While cages of many different con?gurations are pos 
sible within the de?nition given above, I have found 
that generally the cages should have the con?gurations 
of surfaces of revolution and, preferably, should inter 
sect the axis at the bottom of the cage, i.e. at a location 
opposite its junction with the stern. Thus, generally 
spherical, hemispherical and, to a lesser extent, conical 
cages have been found to be especially effective and ac 
curate. 
The capillary channels, which in the case of aqueous 

and water-miscible liquids should have a width less than 
substantially 0.5 mm., must be su?iciently wide to ad 
mit the liquid to be transferred into the interior of the 
cage so that any liquid entrapped in the cage will be 
prevented by the capillarity of the channels from empty 
ing until the analyst using the device takes positive ac 
tion (e.g. by shaking the device). The channels pref 
erably lie along generatrices of the surface of revolution 
conforming to the con?guration of the cage. 

Yet another feature of the invention resides in the for 
mation of the cage of the device from a plurality of 
elongated sheet-metal segments forming the surface of 
the cage while being secured together at their ends at 
axially spaced locations along the aforementioned axis 
of symmetry with sufficient angular spacing to form the 
capillary channels. The stem may be attached’to the 
cage at only one of these spaced locations but, if greater‘ 
rigidity is desired, also may traverse the cage and'be' 
joined to it at both locations. To this end the stem 
can be provided with an annular plate, surrounding the 
axis and secured to the stem, which is provided‘ Witha 
row of slots respectively receiving a tab formed at a 
corresponding end of each of the sheet-metal segments. 
The segments may be integral with each other at their 
other ends or similarly joined together by a further plate. 
The above and other objects, features and advantages 

of the instant invention will become more readily ap 
parent from the following description, reference being 
made to the accompanying drawing in which: _ 
FIG. 1 is a cross-sectional view of a dilution plate 

showing a volumetric liquid-transfer device according to 
the invention in elevation; . 
FIG. 2 is a bottom-plan view of the device of FIG. 1; 
FIG. 3 is an elevational View of an liquid-transfer de— 

vice according to the invention; . 
FIG. 4 is a view similar to FIG. 3 of still another _em-_ 

bodiment of the device; - _ -1 

FIG. 5 is a front-elevational view of yet another device 
according to the present invention; and - - - ' 

FIG. 6 is a side-elevational view of the device of FIG. 5. 
In FIG. 1 of the drawing 1 show part of a dilution plate 

1 made from a readily washable material, such as por 
celain or a synthetic resin, and provided with a plurality 
of relatively shallow recesses 2, one of which is shown on: 
an enlarged scale, adapted to hold the liquid 3 to be 
diluted by the transfer of a predetermined quantity there-v 
of to another, similar recess with the aid of a volumetric 
transfer device It). The latter comprises a stem or shank 
18, which may be ?tted with a wooden, plastic or inert 
metal handle as shown in FIGS. 5 and 6, secured to a 
generally semi-ellipsoidal cage 11. This cage is composed 
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of a plurality of segments 12, constituted by upwardly 
'bent sheet-metal segments interconnected at their lower 
ends, whose longitudinal edges de?ne capillary channels 
14 communicating with the inner cavity of the cage sur 
rounded by the segments. The capillary channels advan 
tageously have a width less than 0.5 mm. and, depending 
upon the capacity of the cage and the liquid to be trans 
ferred, may he as narrow as 0.05 mm. while the cage may 
have a capacity ranging upwards of about 0.01 ml. I have 
found that convenient values of the transfer capacity of 
the devices are 0.025, 0.05 and 0.1 ml. although other 
values equally practical may be made with suitable d1 
mensioning of the cage 11. Ideally, the stem 18 and the 
cage 11 should be made from an inert, readily cleanable 
material such as platinum or one of its alloys (e.g. with 
iridium) which has the additional advantage of being 
easily sterilized in a ?ame without alteration of the trans 
fer characteristics. Since the capacity of each device is 
dependent upon the volume of the inner cavity of the cage 
and the shape of the menisci formed along the capillary 
channels is substantially independent of the liquid, the 
capillary cage need be calibrated only once for precise 
transfer of substantially all liquids having similar meniscus 
shapes. The capillary cage 11 is ?lled by thrusting it 
below the surface 4 of the liquid 3, to an extent su?icient 
to create a pressure differential capable of breaching the 
capillarity barrier, any air within the cage being permitted 
to escape through slots 16 in the upper plate 15 thereof. 
The free ends of the cage segments 12 are formed with 
tabs 13 which are received in suitable slits in this plate. 
The apical region of the cage 12 is provided with a bore 
17, whose diameter preferably does not exceed the maxi 
mum capillary'channel width, adapted to facilitate the 
introduction of liquid into the cage and its discharge 
therefrom. 
From FIG. 1 is may be seen that the liquid level 4 cor 

responds to one of the aforedescribed transverse planes 
to which the substantially planar surfaces of the capillary 
channels 14 extend generally perpendicularly, this level 
being denoted by dot-dash lines 39, 49 and 60 in FIGS. 
3-6. The plane of the liquid level extends perpendicular 
ly to the axis of symmetry of the cage 12, which passes 
through the apical region and the center of gravity there 
of, beyond the point of junction between the cage and its 
stem 18. 
Upon withdrawal of the capillary cage from the liquid 

3, the predetermined quantity contained within the cage 
may be transferred to another dilution recess 2 and ad 
mixed with the contents thereof by agitating the transfer 
device 10 with its cage immersed in the dilution liquid. 
Withdrawal of the device will again remove a predeter 
mined quantity of now diluted liquid for further dilution‘ 
in a similar manner. 

In FIG. 3 I show a further volumetric transfer device 
30 whose cage 31 is of generally spherical con?guration 
with capillary channels 34, extending upwardly from the 
apical region 37 thereof, formed between segments 32 
whose tabs 33 are received in suitable slits formed in the 
cover plate 35. The latter is annular and surrounds the 
stem 38 which passes through it and extends axially 
through the cage to its apical region 37, the stem lying 
wholly ‘along the axis of symmetry of the cage while pass 
ing through its poles and center of gravity and being se 
cured to the cage at the plate 35 and the apical region 37. 
FIG. 4 illustrates another volumetric transfer device 

40 wherein the stem 48 is secured axially to a capillary 
cage 41 of generally conical con?guration formed by wall 
sections 42 whose spacings constitute capillary channels 
44. The sections 42 converge upwardly and outwardly 
from the apical region 47 more sharply than do the seg 
ments 32 and 12 of the previously described embodiments 
so that the capillary cage 41 penetrates with great facility 
the surface skin of liquids into which it is thrust. 

- The transfer device 50 of FIGS. 5 ‘and 6 is provided 
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with a handle 59 which receives two shanks 58', 58", vto 
gether forming a support stern, of a cage 51 of generally 
spherical con?guration. The latter is formed by spiral 
coils 51’, 52" of wire integral with their respective shanks 
58', 58” and secured in base-to-base relationship by the 
handle 59. It will be readily apparent that in the embodi 
ment of FIGS. 5 and 6, as in the previously described 
embodiments, the support stem lies along the axis of sym 
metry of the cage 51 which passes substantially through 
its center of gravity and its apex 57 and that the channels 
52’, 52" extending upwardly from the apical region lie 
along substantially planar surfaces substantially transverse 
to the plane 60, perpendicular to the stem at thepoint at 
which it merges into the cage, while having portions that 
extend in the general direction of the cage axis. 
The invention as described and illustrated is believed 

to admit of many modi?cations and variations that will 
be readily apparent to persons skilled in the art and which 
are, accordingly, deemed to be included within the spirit 
and scope of the invention as claimed. 

I claim: 
1. A volumetric liquid-transfer device, comprising a 

liquid-entrapping cage having an axis of ‘symmetry extend 
ing through an apical region thereof, the center of gravity 
of said cage lying substantially along said axis, said cage 
having an outer surface diverging upwardly and outwardly 
from said apical region and being provided with a plural 
ity of throughgoing capillary channels having portions 
extending generally in the direction of said axis while 
communicating with the interior of said cage, and a stem 
secured to said cage at a location along said axis. 

2. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage having ‘an axis of symmetry ex 
tending through an apical region thereof, the center of 
gravity of said cage lying substantially along’ said axis, 
said cage having an outer surface diverging upwardly and 
outwardly from said apical region and being provided 
with a plurality of throughgoing capillary channels hav 
ing portions extending generally in the direction of said 
axis while communicating with the interior of said cage, 
and a stem secured to said cage at a location along said 
axis and extending substantially in its entirety therealong. 

3. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage having an axis of symmetry ex 
tending through an apical region thereof, the center of 
gravity of said cage lying substantially along said axis, 
said cage having an outer surface diverging upwardly 
and outwardly from said apical region and being pro~ 
vided with a plurality of throughgoing capillary channels 
having portions which lie in respective substantially 
planar surfaces perpendicular ‘to a plane transverse to 
said axis, and a stem secured to said cage at a location 
along said axis. 

4. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage having the con?guration of a 
surface of revolution with an axis intersecting said 
surface at an apical region thereof, the center of gravity 
of said cage lying substantially along said axis, said cage 
having an outer surface diverging upwardly and out 
wardly from said apical region and being provided with 
a plurality of throughgoing capillary channels having 
portions extending generally in the direction of said axis 
while communicating with the interior of said cage, and 
‘a stern secured to said cage at a location along said axis. 

5. A device according to claim 4 wherein said cage 
is of generally spherical con?guration. 

6. A device according to claim 4 wherein said cage 
is of generally semi-ellipsoidal con?guration. 

7. A device according ‘to claim 4 wherein said chan 
nels extend along the turns of a spiral. 

8. A device according to claim 4 wherein said chan 
nels extend along generat-rices of said surface of revolu 
tion. 

9. A device according to claim 4 wherein said channels 
have a maximum Width of 0.5 mm. 
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10. A device according to claim 4 wherein said stem 
traverses said cage and is secured to said cage at said 
apical region. 

11. A device according to claim 4 wherein said cage 
is provided with a plate disposed opposite said apical 
region and secured to said stem, said plate being provided 
with at least one opening adapted to facilitate the escape 
of from the interior of said cage. 

12. A device according to claim 4 wherein said cage 
is provided with a bore at said apical region for facili 
rating the entry ‘of liquid to be transferred into said 
cage. 

13. A device according to claim 4 wherein said cage 
and said stem are composed of inert metallic material. 

14. A device according to claim 13 wherein said ma 
terial is selected from the group which consists of plati 
nurn and its alloys. 

15. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage having the con?guration of a 
surface of revolution with an axis intersecting said sur 
face at an apical region thereof, the center {of gravity of 
said cage lying substantially along said axis, said cage 
having an outer surface diverging upwardly and outwardly 
from said apical region and being provided with a plu 
r?ity of ithroughgoing capillary channels having portions 
which lie in respective substantially planar surfaces per 
pendicular to a plane transverse to said axis, and a stem 
secured to said cage at a location along said axis. 

16. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage having the con?guration of a sur 
face of revolution with an axis intersecting said surface 
at an apical region thereof, the center of gravity of said 
cage lying substantially along said axis, said cage having 
an outer surface diverging upwardly and outwardly from 
said apical region and being provided with a plurality 
of throughgoing capillary channels having portions ex 
tending generally in the direction of said axis while com 
municating with the interior [of said cage, and a stem 
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secured to said cage at a location along said axis and 
extending substantially in its entirety therealong. 

17. A volumetric liquid-transfer device, comprising a 
liqui-d-entrapping cage having the con?guration of a 
surface of revolution with an axis intersecting said surface 
at an apical region thereof, the center of gravity of 
said cage lying substantially along said axis, said cage 
having an outer surface diverging upwardly and outwardly 
from said apical region and being provided with a plu 
rality of throughgoing capillary channels having portions . 
which lie in respective substantially planar surfaces per 
pendicular to a plane transverse to said axis, and a stern 
secured to said cage at a location along said axis and 
extending substantially in its entirety therealong. 

18. A volumetric liquid-transfer device, comprising a 
liquid-entrapping cage of generally spherical con?gura 
tion composed of two substantially symmetrical wire loops 
wound in spiral turns of progressively decreasing radius 
and progressively increasing distance from a common 
central plane along an axis of said cage transverse to said 
plane, and a handle for said cage including two elongated 
shanks integrally extending along said plane and in the 
plane of said axis from the largest turn of each of said 
loops, respectively, the turns of each of said loops being 
separated from one another by capillary channels giving 
access to the interior of said cage. 

19. A device according to claim 18 wherein said handle 
further includes an elongated stem holding said shanks 
in closely juxtaposed relationship with each other. 

20. A device according to claim 18 wherein said cage 
encompasses a volume ranging between substantially 0.01 
and 0.1 milliliter. 
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