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Dilution-based volume transfer steps are com- 
monly performed for many applications, such as 
dose response and detection limit testing. Because 
the exact concentrations of target samples in solu- 
tion are typically not directly measured but as- 
sumed from the dilution ratio used, it is impor- 
tant to accurately measure each dilution step so 
that the ultimate concentrations of those samples 
are known. Accurately knowing sample concen- 
tration is imperative for properly interpreting the 
experimental results. Herein, we report research 
on employing a dual-dye photometric method for 
determining the accuracy of each step in a dilution 
process. This method provides traceable measure- 
ments for single or multiple point dilutions to a 
concentration endpoint ratio of 1:2000 of the 
starting material. Important experimental hurdles 
related to proper dilution measurements in micro- 
titer plates, such as proper mixing techniques and 
liquid handler channel-to-channel reproducibility, 
are discussed. 

The dilution approach is based on Beer’s Law:

where a represents the absorbance per unit
pathlength for a solution.

Two dye solutions are used
 •  Sample Solution containing both red and blue dyes
 •  Diluent Solution containing only blue dye at same
     concentration as in Sample Solution

 

Mixtures of any ratio will result in the same con- 
centration of blue dye, but a varying concentration 
of red dye. Thus, the blue dye is used as an inter- 
nal standard.

The following method definition will focus on the 
first three dilutions in a serial dilution series.

Dispense the sample volume (VS1) into well 1. 
Remove the sample volume (VS2) from well 1 and 
dispense into well 2.

Volume Well 1 (V1) = VS1 – VS2

The depth of the liquid (dl) in well 1 can be in- 
dividually determined by measuring the absor- 
bance of the blue dye (AB) using Beer’s law. The ab 
term represents the known absorbance per path- 
length value for the blue dye.

  
 
The Beer’s law expression for the absorbance of 
the red dye (AR) is given by:

A volume of Diluent (VD) is added to sample (VS2) 
in well 2 and mixed.

Volume VS3 is then removed and dispensed into 
well 3

Volume Well 2 (V2) = VS2 + VD2 – VS3

Because the blue dye concentration is fixed for 
both solutions, it is known for well 2 and the sol- 
ution depth is given by:

The concentration of red dye in this well has been 
diluted and is given by:

The Beer’s law expression for the absorbance of 
red dye in well 2 is given by:

As with well 2, a volume of Diluent is added and 
mixed in well 3.

The sample volume (VS4) is removed and dispen- 
sed into well 4.

Volume Well 3 (V3) = VS3 + VD3 – VS4 

Solution Depth = 

Concentration of Red Dye = 

Absorbance of Red Dye = 

 

 
The dilution ratio in going from well 1 to well 2 is:

The Beer’s law expression for the absorbance 
ratio is given as:

Thus,  

Likewise for column 2 to 3

A more general expression for dilution steps is 
given by

For very large dilution steps, it may be required to 
start with a highly concentrated dye which is be- 
yond the measurable absorbance range of the 
reader. If the concentration of the dye is known 
for this solution, then the dilution ratio expression 
becomes:

200 µL of undiluted (neat) existing MVS® Sample 
Solution was dispensed into column 1 of a 96-well 
plate.

100 µL of the sample was aspirated from column 1 
using a multichannel pipet and dispensed into co- 
lumn 2, which contained 100 µL Diluent solution.

The contents of the wells in column 2 were mix- 
ed by aspirating and dispensing 100 µL three times.

100 µL of the contents of column 2 were aspir- 
ated and dispensed into column 3, which con- 
tained 100 µL Diluent solution. The mixing step 
was repeated. 

These steps were repeated across the plate 
resulting in 1:2 dilution steps for each well. The 
100 µL sample aspirated from column 12 was dis- 
carded to waste.

All Sample Solutions were analyzed starting from 
their neat form by performing 1:2 dilutions across 
an entire 96-well microtiter plate. Individual plates 
were filled for each solution. The appropriate Sam- 
ple Solution was used for each dilution to ensure 
the proper absorbance response based on the cal- 
culated dilution range of the solution shown in 
Table 1.

Averages are reported herein. However, inaccu- 
racy on a tip-to-tip basis may be determined, which 
allows for the analysis of channel-to-channel re- 
peatability reported as ‘%CV tip-to-tip’ in Table 2.

'Inaccuracy from initial' represents the error as- 
sociated with the overall dilution ratio for a speci- 
fic column with respect to column 1, as calculated 
by equation 1. 

Inaccuracy of transfer' data shows the uncertainty 
of the transfer of sample from one column to the 
next as calculated by equation 2..

This proof of concept study shows that, using a 
dual dye photometric method, it is possible to de- 
termine the accuracy of each step of a serial dilu- 
tion protocol up to a 1:2000 endpoint ratio.
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Based on the known concentrations of MVS 
Sample Solutions, the following dilution ranges 
may be achieved while maintaining an absorb- 
ance response between 0.3 and 2.4 absorbance 
units:

Dilution RangeSample Solution

1:100 –  1:400Range D

1:400 –  1:2000Range E

1:20 –  1:100Range C

1:4 –  1:20Range B

1 –  1:4Range A

Table 1

SERIAL DILUTION THEORY Well IABSTRACT Well 2 Well 3

1:20481:10241:5121:2561:281:641:321:161:81:41:20Total Dilution

0.32%-1.07%-1.28%

.6

-1.45%

.. 1.10%0.37%0.41%0.43%0.38%0.23%0.35%0.37%0.30%0.16%0.54%0.39%%CV tip-to-tip

Range ERange ERange ERange ERange DRange DRange CRange CRange BRange BRange ARange ARange Solution

-0.91%-1.23%-0.08%-2.38%0.78%% Inacc from
initial

100100100100100100100100100100100100Volume
Remaining

100100100100100100100100100100100200Volume
Transferred

121110987654321Column

1:21:21:21:21:21:21:21:21:21:21:21Dilution Type

% Inacc of
transfer

-1.07% -1.07% -2.01% -3.33% -0.16%-2.55%-2.51%

-0.24%-0.04%0.50%-1.35%-1.61%-0.95%-1.83%

Table 2

The plate was then mixed on an orbital shaker at 
1300 RPM for one minute.

The same protocol was followed for all 5 MVS 
Sample Solutions, which increase in concentration 
to allow low volume measurement with a maintain- 
ed absorbance response, so that all dilution steps 
could be tested and measured.

Sample Solution

Diluent Solution

Dilution Ratios 

EXPERIMENTAL DATA

Procedure

 1     2  3     4     5     6     7     8     9   10   11    12
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Results

A new dual-dye method for determining the accuracy of dilution has been demonstrated and may be applied to characterize each step of a 
serial dilution assay up to 1:2000 using a dilution ratio approach. The limitation that all dilutions will not be within the absorbance range of 
the reader may be overcome by employing all MVS Sample Solutions, which are available in five different concentrations. The results of this 
approach are independent of well size, shape and consistency as well as the interaction effects between the solution and the plate materials 
such as meniscus and air pockets unless the light beam is clipped.

n/a

The success of this analysis is highly dependent on the quality of mixing of the two dyes within the well. For more information on mixing 
analysis, please see the poster entitled ‘A method to evaluate mixing efficiency in 384-well microtiter plates’ in the Advanced Technology 
for Drug Discovery section. 
Artel’s intention for this concept is to conduct:  
 • Further in-house testing  • In-house validation using large volume dilutions • Field testing


