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This document was prepared as an account of work sponsored by the United States 
G8vernment. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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ABSTRACT 

This system presents a method for remote pipetting that features 
precision and excellence of control. The operator and ]?ipetter Controller 
are generally separated from the box-enclosed mobile Pipetter Head by 
shielding that may be up to several feet in thickness. In our 6-foot Water
Cave Neutron Facility a Kollmorgen periscope is used in conjunction with 
one pipetter for the taking of samples in the range of 1A to 10 A. Pipettes 
can be replaced remotely in the Pipetter Head by the box manipulators. 
We have pipetter units of capacity 1 A to 1 ml and 1 A to 5 ml, and also 
macro units up to 30 ml. 
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INTRODUCTION 

The pipetting of liquids, either for precise volumetric measuring 
or for purposes of transferring liquids from one container to another, is a 
well-established practice in the chemistry laboratory. 1 When one needs to 
take accurate assays or make critical dilutions, the micropipette is a very 
useful tool to the chemist. 

In ordinary laboratory pipetting a syringe is coupled directly to a 
pipette, and the syringe is controlled by hand. 

If the chemist operator needs to put distance between the pipette 
and the controller {syringe) because of shielding or box containment of the 
pipette, then the conventional coupling of the controller and the pipette be
comes impossible. One can, of course, simply add tubing between the 
controller and the pipette and operate the unit in this manner. The latter 
method works reasonably well so long as critical control and precise meas
urement are not prerequisites. The air "leg" between controller and 
pipette acts as a spongy buffer because of the compressibility of air, which 
results in poor control and slow, uncertain response at the pipette. , 

In the Lawrence Radiation Laboratory at Berkeley, where ;radio
chemistry is performed in box enclosures and with shielding up to 6' feett)lick, 
the reader can see the need for a means of pipetting with remote control. 

METHOD AND APPARATUS 

At first it appeared that one might simply include the controller 
and the pipette within the box enclosure and operate the controller by use of 
the tong manipulators on the box. This method offers objectionable limita
tions. 

1. It means that both box manipulators would be required to hold and to 
operate the pipetter, and this would not allow freedom of the manipulators 
for related operations. 

2. The fine technique required to operate the controller with box manip
ulators is most difficult to achieve, and with micropipetting it is too tedious 
as well. 

The system we evolved permits maximum flexibility of the oper
ation and requires minimal technique. We use a system filled with liquid 
(ethylene glycol), which eliminates the spongy lag characteristic of an air
filled system. An 0-ring-fitted piston in the control cylinder is. coupled 
by flexible plastic tubing to the Pipetter Head, which has a confined diaphragm 
(Fig. 1). Motion of the piston is transmitted by the liquid to the confined di
aphragm within the Pipetter Head and changes the volume of the cavity that, in 

•. turn, controls the level of the liquid in the pipette. The diaphragm also 
serves as contamination barrier. 
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At the operating end precise control is accomplished by the screw 
and nut; this screw is linked to the piston in such a way that rotation of the 
piston is avoided. In the 15-ml unit a rack and pinion serve to drive the 
piston (Fig. 4 ). 

Several methods have been devised for securing pipettes in the 
Pipetter Head, all of which lend themselves to remote changing of pipettes. 
One method is based on the friction-interference fit of the pipette end in 
polyvinyl chloride {PVC} tubing; another employs male and female glass-ball 
joints and a ball-joint clamp (Figs. Z and t.l:). The most successful way yet 
developed for micropipettes is with the use of a size 00 rubber stopper af
fixed to the pipetting head (Fig. 3}. 

APPLICATION AND RESULTS 

The Hydraulic Pipetters herein described have been standard lab
oratory equipment at LRL, Berkeley, for the past 4 years.· They have been 
used in unshielded Berkeley Boxes as well as in Berkeley Boxes placed in a 
2-inch lead shield, and sho'Z their real merit when used in the 4-foot and 6-
foot Water-Neutron Caves. With use of these pipetting units in the water 
caves, we have found it necessary to use "hard lines'' {metal tubing} for 
most of the run from Controller to Pipetter Head. This is neces:s:ary be
cause the flexible plastic {PVC) tubing does expand slightly upon pressuriza
tion and in lines 8 feet to 16 feet long does so to the degree that the pipetter 
response becomes slow and uncertain. 

In the standard box enclosure, used within the Water~Shielded Cave 
Facility (Lawrence Radiation Laboratory, Berkeley), four remote pipetters 
are employed. There are two micropipetters of 1 ml capacity and two 
macropipetters of capacity 15 ml and 30 ml (Fig. 5}., 



Fig. 2. In this model PVC 
tubing is used in the sock
et for securing the pipette. 
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ZN-4196 

Fig. 3. In this model a 
size 00 rubber stopper 
serves as a replace
able pipette socket. 



Fig. 4. The 15 - ml pipetter 
features a rack and pinion 
for propelling the control 
piston. 
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ZN-4195 

Fig. 5. The 30-ml pi
pette employs a screw 
and nut for propelling 
the control piston. 



=6- UCRL=9661 

REFERENCES 

1.. Paul L, Kirk, Quantitative Ultramicroanalysis (John Wiley and Sons, 
Inc,, New York, 1950; Chapman and Hall, Limited, London, 1950). 

2. Patrick W. Howe, et al., The Water-Shielded Cave Facility for 
Totally Enclosed Mater -Slave Operations at Lawrence Radiation 
Laboratory, UCRL-9657, October 1961. 



v 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contracior of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






