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[57] ABSTRACT 
A fast photometric analyzer of the multistation, rotary 
type is provided which is suitable for performing sam 
ple and reagent division, mixing, sedimentation, wash 
ing, transfer, and light absorbancy functions. Two sets 
of cavities are disposed in concentric annular arrays 
within a disk adapted to rotate about its central axis. 
The radially outer set of cavities constitutes a rotary 
system of cuvettes suitable for photometric measure 
ments. Cavities in the radially inner set of cavities, 
herein designated loading cavities, communicate, on a 
one-to-one basis, with respective cuvette cavities. A 
sloping barrier is provided between each loading cav 
ity and corresponding cuvette to allow for centrifugal 
transfer of ?uids from the loading cavity to the cuvette 
upon rotation of the disk while preventing such trans 
fer or return of ?uids under static conditions. An 
opening is provided through each barrier to enhance 
mixing in the cuvettes. A vacuum activated drainline 
extends radially inward from a point adjacent the ra 
dial extremity of each cuvette to a vacuum source for 
removing overlaying liquid from the cuvettes. A cen 

' tral receiving and distribution chamber bordered by 
segmentation serrations is in fluid communication with 
each loading cavity to facilitate dynamic or static 
loading of those cavities. 

4 Claims, 8 Drawing Figures 
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ROTOR HAVING SAMPLE HOLDING MEANS 

BACKGROUND OF THE INVENTION 

The invention relates generally to photometric analy 
zers of the multistation, rotary type and more particu 
larly to an improved photometric analyzer which is 
amenable to serological testing requiring repeated 
washing or dilution of particulates. It was made in the 
course of, or under, a contract with the U. S. Atomic 
Energy Commission. 
Many serological tests involve phenomena shown by 

liquid-suspended particles having speci?c antigens or 
antibodies af?xed thereto. In basic examples, these 
tests involve blood cells, bacterial cells, and the like. In 
more recently developed tests such as those described 
in copending application Ser. No. 223,018 of common 
assignee, the serological factors are attached to chemi 
cally stable carrier particles such as synthetic resin 
beads. Attachment of additional antibodies or antigens 
to these carrier particles may result in an agglutination 
reaction which may be observed directly. In other 
cases, reacted carrier particles may be centrifugally 
separated from the suspending liquid by sedimentation 
with or without a liquid density gradient, and the sero 
logical factor secondarily attached thereto identi?ed by 
a change in particle sedimentation rate or banding den 
sity. 
Most serological tests of the foregoing type require 

centrifugal sedimenation of the carrier particles and re 
peated washing steps. The actual means by which the 
various reactions are performed, the speci?c reagents 
used, the reaction times, and the sequence of the wahs 
ing and reaction steps vary considerably for different 
tests. The unique parallel mode of operation of fast 
photometric analyzers of the rotary cuvette type, 
wherein samples and reagents are mixed in a centrifu 
gal ?eld and absorbance or ?uorescent measurements 
are made on a multiplicity of reaction mixtures during 
rotation, makes them of interest for use in the automa 
tion of immunological analyses. This necessitates the 
development of a cuvette rotor which permits extensive 
washing of red cells or other carrier particles, reaction 
with one or more reagents (with interspersed washes, 
if necessary), and determination of the degree of agglu 
tination, extent of hemolysis, and presence or absence 
of ?uorescence-labelled antibody or radio-activity in 
either the supernatant or sediment. 

It is, accordingly, a general object of the invention to 
provide a fast photometric analyzer of the rotary cu 
vette typw which is suitable for immunological analyses 
requiring repeated washings of carrier particles. 
Another, more particular object of the invention is to 

provide a fast photometric analyzer of the rotary cu 
vette type which is capable of performing sample and 
reagent division, mixing, sedimentation, washing, trans 
fer, and light absorbancy functions. 
Other objects of the invention will be apparent from 

an examination of the following description of a pre 
ferred embodiment and the appended claims. 

SUMMARY OF THE INVENTION 

In accordance with the invention, a photometric ana 
I lyzer of the multistation, rotary cuvette type is provided 
‘ which is capable of performing sample and reagent di 
vision, mixing, sedimentation, washing, transfer, and 
light absorbancy functions. Two sets of cavities are 
formed in concentric arrays within a disk adapted to 
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rotate about its central axis. The radially outer set of 
cavities constitutes a rotary cuvette system where pho 
tometric measurements are made. Cavities in the radi 
ally inner set of cavities, herein designated loading cav 
ities, communicate, on a one-to-one basis, with respec 
tive cavities in the radially outer set. A barrier between 
each loading cavity and a corresponding cuvette'allows 
centrifugal transfer of fluids upon rotation of the disk 
while preventing such transfer or return of ?uids under 
static conditions. A radially extending passageway posi 
tioned angularly to one side of the barrier results in im 
proved mixing in the cuvettes. A drainline extends radi 
ally inward from a point adjacent the radial extremity 
of each cuvette to a vacuum source for removing over 
laying liquid within the cuvettes following particle sedi 
mentation therein. A central receiving and distribution 
chamber bordered by segmentation serrations is in 
fluid communication with each loading cavity to facili 
tate loading of those cavities under static or dynamic 
conditions. Use of the subject analyzer permits the 
making of multiple serological analyses requiring re 
peated washing or dilution and sedimentation steps in 
a rapid manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view, highly schematic, 
of a multistation, rotary type photometric analyzer 
made in accordance with the invention. 
FIG. 2 is a top plan view of a rotor assembly used in 

the photometric analyzer of FIG. 1. 
FIGS. 3, 4, 5, 6, 7, and 8 illustrate the operation of 

the rotor assembly of FIG. 2 in performing reaction, 
sedimentation, washing, and ?uid transfer functions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates, in a vertical view, a photometric 
analyzer made in accordance with the invention. A 
pancake-shaped rotor assembly 1 includes a ?anged 
steel rotor body 2, transparent glass or plastic plates 3 
and 4, a polytetra?uorethylene or other plastic disk 5 
de?ning loading cavities and cuvettes, and a bolted 
?ange ring 6 for holding plates 3 and 4 and disk 5 
within rotor body 2. Plates 3 and 4 and disk 5 are sand 
wiched together between rotor body 2 and ?ange ring 
6 to form loading cavities 7 and cuvettes 8 which are 
disposed in concentric annular arrays at respectively 
increasing rotor radii. Drainlines 9 extend from a point 
adjacent the radial extremity of each cuvette 8 to a cen 
tral vacuum plenum 10 which passes through drive and 
support shaft 11 to a vacuum source (not shown). A 
sloping barrier 12 separates each loading cavity 7 from 
a corresponding cuvette 8 under static conditions while 
permitting centrifugal transfer of liquids from the load 
ing cavities to the cuvettes. Recesses 13 in plate 4 are 
positioned directly above each barrier 12 to permit liq 
uid to ?ow over the barrier into cuvettes 8 during rota 
tion of the rotor assembly. The slope, spacing, and ori 
entation of loading cavities 7, cuvettes 8, and drainlines 
9 are further illustrated in the plan view of FIG. 2, 
which is described below. _ 

Cuvettes 8 are designed to permit simultaneous pho 
tometric analyses of a multiplicity of discrete samples. 
To facilitate such analyses, a multiplicity of spaced 
apart holes 14, axially aligned with and equal in num 
ber to cuvettes 8, are provided in rotor body 2. Light 
passing through holes 14 continues through transparent 
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plate 3, cuvettes 8, and transparent plate 4 to a photo 
detector as indicated schematically by‘a broken line in 
FIG. 1. A system of photometric light source, photode 
tecting means, and other ancillary electronic compo 
nents suitable for use with the above rotor assembly is 
described in copending application of common appli 
cant and assignee Ser. No. 784,739. That system will 
not be described here inasmuch as the invention in this 
case is an improvement restricted to the design of the 
,rotor assembly and its method of use only and does not 
encompass the associated components described in the 
copending application. ' 

Referring now to FIG. 2 where a plan view of disk 5 
is shown, only two of sixteen pairs of loading cavities 
and cuvettes are shown for purposes of drawing simpli 
?cation. A central liquid distribution chamber 15 is 
provided with a serrated periphery in the form of 
stream segmenting blades 16 for dividing liquid in 
serted during rotation into substantially equal volumes 
and for distributing the volumes thus divided to respec 
tive loading cavities and cuvettes. As shown, radially 
extending passageways 17 are positioned angularly to 
one side of each barrier 12 to permit passage of liquid 
along the corresponding side of mixing cavities 7 and 
cuvettes 8, thereby enhancing the mixing action in cu~ 
vettes 8 through a vortex flow effect illustrated in FIG. 
5. The operation of loading cavities 7, cuvettes 8, bar 
rier 12, passageway 17, and drainlines 9 may best be 
understood by referring to FIGS. 3 through 8 where the 
stepwise operation of the subject photometric analyzer 
is illustrated. 
An initial loading of blood samples or other particu 

late suspension 18 is ?rst made under static conditions 
as illustrated in FIG. 3. Access to loading cavities 8 may 
be made through opening 19 in plate 4 (see FIG. 1) by 
any suitable loading apparatus such as a hypodermic 
syringe. Alternatively, a small transfer disk (not shown) 
may be used to perform the sample loading operation. 
FIG. 4 illustrates the centrifugal transfer of sample 18 
to the radial extremity of a corresponding cuvette 8. 
Transfer ofv the sample to cuvette 8 is accomplished by 
the sample passing over the sloping barrier 12 through 
the clearances provided by recesses 13 in plate 4. As 
shown, the samples are spread in a thin layer on the ra 
dially outer wall 20 of each cuvette 8 by the centrifugal 
action. ' 

FIG. 5 shows a diluent stream being directed against 
segmentation blades 16. After striking plates 16, the 
divided diluent flows along one side of each loading 
cavity 7, through passageway 17, and thence into cu 
vette 8 where it mixes with sample 18. Coriolis forces 
cause the diluent stream to pass along one side of load 
ing cavity 7 and cuvette 8 in the manner illustrated. 
The diluent stream may be a washing liquid such as 
physiological saline or a reactant such as a solution of 
antibodies depending upon the particular analysis 
being performed and the stage of the analysis. Rapid 
and thorough mixing of sample and reactant or washing 
liquids, as achieved by the subject invention, has long 
been recognized as desirable and necessary for accu 
rate analysis. Following addition of the diluent as illus 
trated in FIG. 5, particulates in the mixture are centrif 
ugally sedimented against the outer wall 20 of cuvette 

' 8 as shown in FIG. 6, leaving overlaying liquid 21. The 
overlaying liquid 21 is then removed by applying vac 
uum through drainline 9 as shown in FIG. 7. Alterna~ 
tively, the aperture 19 in plate 4 may be closed and air 
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4 
or other gas pressure applied to the central chamber 
through a suitable seal. Repeated washing and/or reac 
tion steps may then be initiated as shown in FIG. 8 by 
again adding a suitable diluent during rotation, resus 

. pending the particulates, and resedimenting. After 
washing, various reagents may be added and removed 
sequentially. Agglomeration may be measured by de— 
termining the rate at which resuspended particles are 
sedimented using photometric techniques in the usual 
manner. By using a thin pencil of light such as obtained 
from a slit light source, the sedimentation of particles 
past a fixed radial position may be observed by observ 
ing the output of the photodetector. For measurement 
of sedimentation rate, two slit light sources spaced at 
different radial positions may be employed and the 
time required for a sedimenting boundary to pass from 
one radius to another measured. 
Cuvette rotors made in accordance with the inven 

tion may be used for the purpose of sedimentation to 
clarify liquid containing a suspended particulate prior 
to determining absorbancy of the supernatant liquid re 
maining after sedimentation. Particulate phenomena, 
including agglomeration, lysis, fluorescence, and radio 
activity, can be observed continuously by appropriate 
detecting means. Supernatant liquid phenomena, ‘in 
cluding optical density, light scattering, fluoresence, 
radioactivity, and light absorbancy, can also be ob 

, served. 

The above description of one embodiment of the in 
vention is offered for illustrative purposes and should 
not be interpreted in a limiting sense. For example, 
drainlines 9 may be reoriented to discharge into a vac 
uum chamber about the periphery of disk 5 or reposi 
tioned to communicate with the bottoms of respective 
cuvettes 8 so that washed cells or other particulates 
may be recovered from the cuvettes with the rotor as 
sembly at rest for tests in other instruments. Such repo 
sitioning would require drainlines 9 to be inclined up 
ward toward plate 4v to avoid cuvette drainage due to 
gravity alone while permitting vacuum or pressure 
forced recovery. Also, a wide variety and sequence of 
washing and reacting steps may be performed using the 
subject analyzer depending upon the particular analy 
sis. It is intended, rather, that the invention be limited 
only by the scope of the claims appended hereto. 
What is claimed is: 
1. In a photometric analyzer including a rotor assem 

bly de?ning a circular array of sample analysis cuvettes 
adapted to repeatedly pass between a light source and 
a photodetector for photometric analysis of the cuvette 
contents, the improved rotor assembly which de?nes: , 

a. a circular array, of loading cavities disposed con 
centrically within said circular array of sample 
analysis cuvettes, each of said loading cuvettes 
being in radial alignment with a corresponding cu 
vette in said circular array of cuvettes; 

b. sloped barriers interposed between said loading 
cavities and cuvettes to prevent transfer of liquid 
therebetween under static conditions while permit 
ting centrifugal transfer of liquids from said loading 
cavities to corresponding cuvettes, said barriers 
each de?ning a radially oriented mixing passage 
way which is positioned angularly to one side of 
said barrier and extends through said barrier; and 

c. a drain passageway communicating with each of 
said cuvettes at a point adjacent the radial extrem 
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ity of said cuvette, said drain passageway leading 
from said cuvette to an external vacuum source. 

2. The improved rotor assembly of claim 1 wherein 
said drain passageway'extends radially inward at least 
as far as said sloped barriers. ’ 

3. The improved rotor assembly of claim 1 wherein 
each of said radially oriented mixing passageways is ra 
dially aligned with one side wall of a corresponding 
loading cavity and cuvette. ' 

6 
4. The improved rotor assembly of claim 1 wherein 

a central loading and distribution chamber is provided 
' adjoining the radially inner edge of said loading cavi 
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ties, and wherein said chamber has a serrated periphery 
for causing liquid fed therein to be substantially equally 

‘ distributed to said loading cavities when said rotor as 
sembly is rotating. 

* * * * * 


