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INTRODUCTION 

2	 According to the Distilled Spirit Council of the United States, in 2020 spirits gained the largest share of the US beverage alcohol market. The 1.3% 
increase was more than double the average share gain over the past four years. https://www.just-drinks.com/analysis/has-the-spirits-category-emerged-
stronger-from-covid-19-fight-analysis_id132749.aspx

3	 Proof here refers to US proof, which is  two times alcohol by volume. A vodka that is 40 percent ABV is 80 proof and one that is 45 percent ABV is 90 
proof

4	 Throughout the paper, the subscript “1” implies the water phase, while superscript “2” implies the ethanol phase. Thus n1 means number of moles of 
water,  means the partial molar volume of ethanol. In addition, when mole fraction “x” is referred to, it means the mole fraction of ethanol

Whisky, rum, gin, 
and other spirits are 
projected to contribute 
up to $507,465 million 
in global revenue in 
2021, and the market 
is expected to grow 
annually by 5.49%2 
[1]. Bourbon and oth-
er whiskies are made 
from the aging of bar-
rel-filled grain alcohol 
which is often 100-150 
proof3 (50-75% ABV 
(Alcohol by Volume)). 
The final bottled spirit 

products are often 76-90 US degrees of  proof (38-45% 
ABV). For a spirit sensory test, the spirit is then served 
at bottle strength or often diluted to around 20% ABV. 
In making gins [2], whether it is made via a single-shot, 
or multi-shot process, the botanical compounds, ex-
tracted via maceration and distillation or via vapor in-
fusion through a gin basket, may first be mixed with 
a large amount of neutral spirit approximately at 96% 
with water then added to attain a final alcohol content 
of 40% ABV (gins maybe bottled at between 37.5 and 
up to 55% ABV). In all three examples, barrel to whisky, 

whisky diluted to samples for sensory tests, or in the 
process of making gins, ethanol is mixed with water 
to obtain a desired final ABV. In all those processes, 
the questions pertaining to the distillery are: (1) How 
much water should be added for dilution to obtain a 
desired ABV? (2) What is the final product volume? 
(3) If a fixed amount of water and neutral spirit of 96% 
ABV are mixed, what is the final ABV, and how much 
water should the distillery add to obtain the final and 
accurate 40% ABV?  

Both the U.S. Gauging Manual Method [3] and 
Travagli’s method [4-5] are the available math-oriented 
methods used in the distilling industry. In this paper, 
we offer another approach based on the partial molar 
volume concept to solve those problems. 

Partial Molar Volume is a thermodynamic definition 
[6]. In a two-component system (e.g., ethanol and wa-
ter) at constant temperature T and pressure P, the par-
tial molar volume of water (component 1) is usually 
denoted as4  

� [Equation 1] 

Partial molar volume is additive. In a two-compo-
nent system (e.g., water and ethanol) at constant tem-
perature T and pressure p, we have  
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� [Equation 2] 

Likewise, in a three-component system (e.g. wa-
ter, ethanol, and sugar) at constant temperature T 
and pressure p, we have  

� [Equation 3] 

Equation [3] is exact and its proof can be seen in 
many physical chemistry textbooks [7]. In the con-
text of this paper we focus only on the water-ethanol 
system. The partial molar volume is different from 
the molar volume because of the formation of the 
hydrogen bonds between the solute and the solvent 
[8-10].

MATERIALS AND METHODS
Ethyl alcohol is 200 U.S. Proof from Pharmco 

(Cottrellville, MI). Water is a distilled water pre-
pared from the UW-Green Bay double distilled fa-
cility. The density meter used is a DMA 4500 Densi-
ty Meter, Anton Paar. (Ashland, Virginia)

To produce a spreadsheet for data analysis, it is 
usual to prepare approximately 10 binary mixtures 
of ethanol and water gravimetrically, with ethanol weight 
percentage ranging from 0% to 100% with a 5% interval. 
The density for each mixture is then determined by a den-
sity meter at 20 °C. The data tables published by the legal 
metrology organization known as the OIML tables [10] are 
consulted for data analysis. Once spreadsheets are prepared, 

calculation of the partial molar volumes are made using the 
following procedures:

(1) GRAPHICAL APPROACH

We will start with a binary solution of n1  moles of the 
solvent (water), and n2  moles of the solute (ethanol), and 
the volume of the solution V. If we are interested in find-

ing the partial molar volume of ethanol, the 
first step is to plot V/n1  against n2 /n1 . An 
example of the plot is shown in Figure 1. The 
partial molar volume of ethanol at a specific 
n2 , say point A in the graph, is determined 
by the slope of the curve at point A.

Alternately, we can construct an Excel 
spreadsheet starting with a set of density 
and weight percentages. Such a data table 
exists in the Table Vb of the legal metrolo-
gy tables known as the OIML tables [11]. 
Figure 2 shows the plot of density of etha-
nol-water mixtures against ABW (alcohol 
by weight) from two different data sets: one 
from the OIML table and the other from the 
UW-Green Bay. Both data sets agree within 
0.5% of error tolerance.

FIGURE 2   Density data from the OIML table (blue) and from UW-Green Bay (red).

FIGURE 1   Finding the Partial Molar Volume of the Solute by the Graphical 
Method [11].
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Table 1 presents an example set of data values illustrating 
how the partial molar volumes of water are calculated.

For an example, the cell A3 has ABW=92%, which stands 
for 92g of ethanol and 8g of water in a 100g of ethanol-water 
mixture. The solution volume in column E is weight/density, 
or 100g over the density value in column B. The cell E3 val-

ue is obtained as  
Cell values in column C are obtained by dividing the wa-
ter mass by the molar mass of water, which is 18.015g/mol. 
Cell values in column D are obtained by dividing the eth-
anol mass by the molar mass of ethanol, which is 46.068g/
mol. The mole fraction of ethanol is then defined as 

� [Equation 4]                                                                           

Mole fraction values of ethanol for each ABW are shown 
in column F of Table 1.  

If we are interested in calculating the partial molar vol-
ume of ethanol (the second component in our illustration), 
everything has to be normalized by the number of moles 
of water (the first component in our illustration). This in-
cludes V (total)/n1, and n2/n1 shown in columns G and H 
of Table 1.

The partial molar volume of ethanol can then be calcu-
lated as:

� [Equation 5]                                                                           

Considering the first two data rows (Rows 2 and 3 in Ta-
ble 1):

� [Equation 6]                                                                           

Where ΔVtotal is the difference of two cell values G3 and 
G2, and Δn2  is the difference of two cell values H3 and H2 

in Table 1. The resulting value is shown in cell I2. The cell 
values in I3 to I8 are calculated using a similar equation.

This is the numerical value shown on cell I3 of Table 1. 
Using the same procedures, we can also calculate the par-
tial molar volumes of water which are shown as cell values 
between J2 and J8.

The values shown in column K in Table 1 are the additiv-
ity tests for the partial molar volumes of water and ethanol 
using the procedures seen through the application of equa-
tions 5 and 6. For the additivity test, it implies equation 2 
must be strictly followed. The values in column K should 
exactly match the values in column E in Table 1. This is in-
deed the case, except we have an outlier, K8 with a value of 
132.5779 mL while the value of E8 is 121.1094 mL. This is 
because the spreadsheet is truncated on row 8. In this lim-
ited set of data, we are not able to carry out ΔVtotal and Δn2 
calculations for Equations 5 and 6 on Row 8 and beyond.

This problem can, however, be overcome by plotting par-
tial molar volumes of either ethanol (column I) or water 
(column J) against the mole fraction of ethanol (column 
D). This is shown in Figure 3, plotting partial molar volume 
of ethanol and water against the mole fraction of ethanol; 
and Table 2 which expresses the regression equations of the 
partial molar volumes of both ethanol and water as a func-
tion of ethanol mole fraction.

Regression equations are obtained from the two plots of 
partial molar volumes shown in Figure 3 and Table 2: 

TABLE 2   Regression Equation Expressions of the Partial Molar 
Volumes of Ethanol and Water as a Function of Mole Fraction of 
Ethanol from Table 1.

PARTIAL MOLAR VOLUME AS A FUNCTION 
OF ETHANOL MOLE FRACTION (x) R2

Water   
1 = − 10.57 x 2  + 11.076 x + 13.414 0.9971

Ethanol
2 = − 2.1002 x 2  + 4.8896 x +55.611 0.9976

TABLE 1   An example set of data illustrating how the partial molar volumes of ethanol are calculated.
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In row 8 of Table 1, the mole frac-
tion of ethanol is 0.7239. Using the 
two regression equations from the 
plots, we have the new partial molar 
volumes of ethanol and water: 58.05 
and 15.89 mL/mol. The additivity test 
would be (0.7205) (15.89) +(1.889) 
(58.05) =121.105 mL/mol, which dif-
fers from 121.109 mL/mol (cell E8) 
within 0.003%.

Note that the example we provide 
in Table 1 has a very limited data set 
with mole fractions of ethanol rang-
ing only from 0.7239 to 0.8390. The 
OIML table provides us alcohol den-
sity data with ethanol ranging from 
0% to 100% with 0.1 ABW incremen-
tal intervals. Regression formulas for 
finding partial molar volumes of eth-
anol and water are useful. The regression 
equations5 for ethanol and water from the OIML table are: 

� [Equation 7]                                                                           

In solving all the distillery and the brewery problems, we 
will all use Equations 2, 4, and 7. Equation 2 is simply the 
additivity property of the partial molar volume. Equation 4 
allows us to find the mole fraction of the ethanol so that we 
can use Equation 7 to calculate the partial molar volumes 
of both ethanol and water.

All data presented in the OIML tables were obtained at 
20 °C. For temperatures other than 20 °C, such as 60 °F 
(15.56 °C) which is used in the U.S, then the investigators 
must generate zdata tables similar to the OIML table which 
can be a formidable task. The U.S. Gauging Manual pub-
lished in 1918 [3] presents an extensive data set on specific 
gravity of ethanol-water mixtures at 60 °F. Since specific 
gravity and density values are related, in the absence of any 
new data source, this latter reference can be used for spirit 
dilution practices in both the brewing and distilling indus-
tries [5, 13]. 

(3) SPOT-CHECKING APPROACH

Our lab has also adopted a technique used by Trandum 
et al. [14] which can be used to find partial molar volumes 
at a specific molecular composition without establishing an 
extensive data table. This is illustrated in the following:

According to the definition of the partial molar volume 

5	 Supplemental Excel Spreadsheet -1

from Equation 1, we have

� [Equation 8]                                                                           

In our studies, when δn1= 0.06 mol, and δn2= 0.02 mol, 
the partial molar volumes obtained from Equation 8 agree 
with data calculated from Equation 7 within 4%. The agree-
ments can be improved if we tweak both the δn1 and the 
δn2 values.

RESULTS AND DISCUSSION

(1) PARTIAL MOLAR VOLUMES ARE DIFFERENT 
FROM THE MOLAR VOLUMES

There are a few comments to be made regarding partial 
molar volumes. First, the partial molar volumes are func-
tions of compositions. As the composition changes, so do 
partial molar volumes. Second, the partial molar volumes 
of ethanol are close to, but not the same as, the actual molar 

volume of ethanol which is  

In fact, all the partial molar volumes calculated for eth-
anol range from 52.59 mL/mol to 58.37 mL/mol and are 
lower than the molar volume of the ethanol. Similarly, 
the partial molar volumes of water ranging from 13.82 to 

FIGURE 3   Plotting of Partial Molar Volumes of Ethanol and Water as a Function of Mole 
Fraction of Ethanol from Table 1.
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18.05 mL/mol are different from the molar volume of water 
which is 18.05 mL/mol. The differences between the partial 
molar volumes and the molar volumes of both water and 
ethanol are the origins of the volume contractions that are 
also composition dependent. The origin of the difference 
between the partial molar volume and the molar volume 
is the hydrogen bond formation between the ethanol and 
water [8-10]. 

The difference between the molar volume and partial 
molar volume is relevant for the distillery industry and is 
a well known volume-contraction phenomena where eth-
anol and water are mixed. We shall explore this volume 
contraction phenomenon in the following application ex-
amples.

(2) APPLICATIONS OF THE PARTIAL MOLAR 
VOLUMES ON ALCOHOL DILUTIONS IN 
WHISKY

Bourbon and other whiskies are made by aging grain al-
cohol at strengths ranging from 100-125 proof (50-62.5% 
ABV) in charred or toasted oak barrels [15]. The Alcohol 
and Tobacco Tax and Trade Bureau (TTB) specifies that the 
alcohol strength in the barrel is 125 proof (62.5% ABV) or 
less [16]. The spirits undergo reduction in strength with 
water prior to bottling. The final strength of the bottled 
products is often found in the 76-90 proof (38-45% ABV) 
range, in many cases 40% ABV [15, 16].  For a spirit sen-
sory test, the spirit is then often served undiluted (bottle 
strength) or often diluted to around 20% ABV (20-23%) 
depending on the investigators [17-20]. 

For this presentation, we will work on three dilution 
problems: 65% ABV to 40% ABV, 40% ABV to 23% ABV, 
and lastly 65% ABV to 23% ABV. We are interested in 
answering the following questions: (1) How much water 
(mass and volume) are required for each stage of the dilu-
tion? (2) What are the final solution volumes for each stage 
of the dilution? (3) What is the volume contraction for each 
stage of the dilution?

It is noted that the mathematical procedures for diluting 
40% ABV to 23% ABV and for 65% ABV to 23% ABV are 
the same as those for 65% ABV to 40%. Therefore, we will 
just simply explain the dilution for 65% ABV to 40% ABV 
in the details here. We then set up an Excel spreadsheet and 
use the algorithm in the sheet to find the answers for the 
other two dilutions.

Mathematical Procedures for 65% ABV to  
40% ABV Dilution

The procedures require the use of Tables IVa and IVb of 
the OIML data [10].  Let us start with 100 mL of 65% ABV 
which is equivalent to 57.15% ABW (OIML, Table IVb) and 
has a density of 0.89765 g/mL (OIML, Table IVa). The mass 

of ethanol in 65% ABV is calculated as follows:

 
� [Equation 9]                                                                           

Note that the ethanol mass is conserved which implies 
this mass does not change after the dilution.

For a 40% ABV, the density is 0.94805 g/mL (OIML, Table 
IVa) and is equivalent to 33.3 % ABW (OIML, Table IVb). 
The total mass of the final diluted solution is calculated as:

� [Equation 10]                                                                           

The water mass of the final solution is

� [Equation 11]                                                                           

The number of moles of water (n1 ) and ethanol (n2 ) are 
then calculated as follows:

�
[Equation 12]                                                                           

Note that the molar masses of water and ethanol are 
18.015 g/mol and 46.07 g/mol respectively.

The mole fraction (x) of ethanol is calculated as follows:

� [Equation 13]                                                                           

Using Equation 7, the partial molar volumes of ethanol 
and water are then calculated. The answers are:

� [Equation 14]                                                                           

Using the data generated from Eqs. 12-14, the final vol-
ume as calculated from the additivity theorem of partial 
molar volumes in Equation 2 is then

� [Equation 15]                                                                           

To calculate the mass of water needed to be added to 
achieve a final 162.1886 mL 40% ABV, we need to find the 
difference of the water masses before and after the dilution. 
This is calculated as follows:

� [Equation 16]                                                                           

The density of water at 20 °C is 0.99820 g/mL. The volume 
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of water to be added for this dilution is then 

�[Equation 17]                                                                           

The volume contraction in this dilution is

 
� [Equation 18]                                                                           

This lengthy mathematical manipulation can be stream-
lined with an Excel spreadsheet. Such a spreadsheet is pro-
vided as a supplemental material6 in this paper.   

Table 3 provides the summary of the work that includes 
65% ABV to 40% ABV, 40% ABV to 23% ABV and 65% 
ABV to 23 % ABV. Included in the table are the mass and 
volume of the water to be added, the final solution volume 
and the extent of volume contraction. Also included are the 
results obtained from Travagli’s method of solving ethanol 
solution dilutions [4].

The agreement between this partial molar volume-based 
dilution method and the Travagli method [4] are within 
0.5% in final volume, and 0.7% in the volume to be added. 
The trend of volume contraction of various dilution pro-
cesses between the two algorithms is also in agreement with 
each other. It is therefore concluded that both methods are 
valid for the applications for distillery dilution applications. 
Also, it is noted that volume contraction depends both on 
the starting ABV and the difference between starting ABV 
and final ABV. The contraction is the largest for 65% ABV 
to 23% ABV (2.48 mL) and the smallest for 40% ABV to 
23% ABV (0.35 mL). This is explored further below.

(3) APPLICATIONS OF THE PARTIAL MOLAR 
VOLUMES ON GIN MULTI-SHOT FLAVOR 
DILUTION AND ALCOHOL DILUTION

Distilled gin production [2], does not require aging 
in charred or toasted barrels, though some innovative 

6	 Supplemental Excel spreadsheet -2
7	 Louching means the forming of colloidal particles in the ethanol-water mixture due to the presence of botanical compounds.

producers do this. A gin product must contain juniper. A 
distiller will also select other materials (botanicals) to give 
the final product additional flavor and character. These 
botanicals are used in carefully determined quantities, so 
that they complement the juniper. Organic compounds in 
juniper and the supporting botanicals (terpenes) provide 
the key flavor components through distillation, gener-
ally either via maceration or vapor infusion.  Distillation 
tools and techniques include pot stills, continuous stills, 
low-pressure vacuum stills, and rotary evaporation [21-24] 

The botanical loads (in weight per unit volume) influ-
ence how a distiller may choose to reduce the concen-
tration of the terpenes in the gin by mixing in “shots” of 
neutral spirits at ~ 192-194 proof (96.0%-96.2% ABV), in 
known quantities. These quantities are called liquid alcohol 
liters (LALs) or proof gallons. If the distiller does not do 
this, then the product is a single shot gin. If the distiller 
chooses to do this, then the product is called a multi-shot 
gin. Increasing the amounts of botanicals in the distillation 
operation, and then diluting the terpenes and other flavor 
volatiles extracted via alcohol addition, and then diluting 
to bottle strength, increases the amount of final gin to be 
bottled. The number of shots the distiller chooses is often 
a risk management response to ‘louching’.7  The final bottle 
strength of gin products, taken globally,  is often found in 
the 75-110 proof (37.5% - 55% ABV) range. That said, there 
are some products in the 115 proof (57.7% ABV) and above 
range which are called Navy Strength gins. These too, may 
be single shot or multi-shot [25].

For the purpose of the mathematical procedure in this 
problem, we will initially set up blending 100 mL of gin 
(hypothetically dealing with an extreme 25 times multi-
shot botanical load) with 2500 mL of GNS with 96% ABV. 
We would like to ask the following questions: (1) What is 
the final volume of the mixture and the volume contraction 
due to such a mixing? (2) What is the resulting ABV after 

TABLE 3   Summary of Whisky Dilution—Comparison of the Results between This Work and Travagli’s Method.

DILUTION
INITIAL 

VOLUME (mL)

FINAL VOLUME (mL)
VOLUME (mL) OF WATER 

ADDED FOR DILUTION VOLUME CONTRACTION

THIS WORK
TRAVAGLI 

METHOD [4] THIS WORK
TRAVAGLI 

METHOD [4] THIS WORK
TRAVAGLI 

METHOD [4]

65%ABV to 
40% ABV 100 162.19 162.5 64.21 64.29 2.02 1.79

40%ABV to 
23% ABV 100 173.01 173.90 73.36 73.93 0.35 0.03

65%ABV to 
23% ABV 100 281.14 282.60 183.62 184.44 2.48 1.84
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the mixing? (3) How much water to be added to the mix-
ture to reach a 40% ABV, and finally what are the volume 
contractions on this step?

In order to find the final volume using the additivity 
theorem (Eq.2] of the partial molar volumes, we need to 
find the number of moles of water and ethanol. 96% ABV 
is equivalent to 93.84% ABW (OIML, Table IVb ) and has 
a density of 0.80742 g/mL (OIML, Table Iva). The ethanol 
mass of the mixture can be calculated as:

� [Equation 19]                                                                           

The water mass is calculated as follows:

� [Equation 20]                                                                           

Moles of ethanol (n2 ) and water (n1 ) are then calculated 
as,

�
�

[Equation 21]                                                                           

Mole fraction of ethanol, x, is calculated as,

� [Equation 22].

TABLE 48   Summary of Single Shot and Multi-Shot Gin Processes Which Include both Flavor- dilution with GNS (96% ABV) and Alcohol 
Strength Dilution with Water. Volume unit is in mL. The volume of the starting flavor stock is 100 mL. The final alcohol strength is 40% ABV.

VOLUME RATIO  
Flavor stock to 

GNS 
ABV after  

flavor neutralization

VOLUME (mL) 
after initial 

flavor dilution

VOLUME 
CONTRACTION 

(mL, %) in Stage-1 
(flavor dilution)

VOLUME (mL)  
OF WATER  
to be added 
for alcohol 

strength dilution

FINAL 40% ABV 
VOLUME
 (mL) before 

bottling

VOLUME 
CONTRACTION 

in final stage 
alcohol strength 
dilution (mL, %)

1:25 92.84 2573.9 26.1 (1.0%) 3560.9 5974 160.8 (2.6%)
1:20 92.06 2076.8 23.2 (1.1%) 2828.5 4779 126.7 (2.6%)
1:15 90.79 1580.3 19.7 (1.2%) 2098.1 3587 91.5 (2.5%)
1:10 88.33 1084.4 15.6 (1.4%) 1367.3 2394 57.4 (2.3%)
1:5 82.19 590.7 9.3 (1.6%) 647.9 1214 24.9 (2.0%)
1:2 66.46 292.9 7.1 (2.4%) 199.6 487 5.9 (1.2%)
1:1 49.50 193.9 6.1 (3.1%) 47.0 240 1.0 (0.4%)

8	 Supplemental Excel spreadsheet-3

Now, we invoke Eq.7 to calculate partial molar volume of 
both water and ethanol,

�[Equation 23]                                                                           

The final volume is then calculated as:

� [Equation 24]                                                                           

The volume contraction of adding 2500 mL of 96% ABV 
to 100 mL of the original volume of the distilled botanical 
compounds is then,

� [Equation 25]                                                                           

Percentage of volume contraction for stage-1 (flavor 
strength dilution) is calculated as follows:

� [Equation 26]                                                                           

The ABW of the final mixture is calculated as ethanol 
mass divided by the total mass, which is

� [Equation 27]                                                                           

This is equivalent to 89.42% ABW. The OIML Table IIIb 
indicates that 89.42% ABW is equivalent to 92.84% ABV. 

This is the answer to the part 1 question: For 1:25 addi-
tion of botanical dilution ethanol with a concentration of 
96% ABV, the final volume is 2573.9 mL with 92.84% ABV.
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In the second part, the questions to be addressed are: (1) 
How much volume of pure water is needed to be added to 
dilute 2573.9 mL with 92.84% ABV to 40% ABV? (2) What 
is the final volume of the finished ready to bottle gin? (3) 
What is the volume contraction on the post-stage dilution?

These questions are the same as those discussed in the 
whisky dilution problems. The calculations are provided in 
the Excel spreadsheet as a supplemental material. The an-
swers are: (1) 3560.9 mL of water to be added, and (2) The 
final volume is 5962.6 mL. The extent of volume contrac-
tion is 160.8 mL.

Table 4 summarizes the results of both single shot and 
multi-shot processes which include (1) What are the ABV 
values after GNS initial dilution of the flavor? (2) What 
are the volumes after GNS initial dilution of the flavor? (3) 
How much water is needed to bring the alcohol ABV to 
40% ABV for each process? (4) How much volume of 40% 
ABV is required for a subsequent bottling? (5) What are the 
volume contractions for each scenario? For the examples 
shown volumes are in mL but may be scaled up to produc-
tion volumes in liters, hectoliters etc.

The results indicate that multi-shot gin processes can 
yield more bottles of gin than the single-shot gin process. 
Also, in the multi-shot process, the operators may encoun-
ter more volume contraction issues in multi-shot versus 
the single-shot process9, especially at stage two with the al-
cohol strength dilution with water. Interestingly, the multi-
shot process sees less percentage of volume contraction 
than the single-shot situation at stage one when the flavor 
is diluted with 96% ABV of alcohol.  

CONCLUSION
In all three examples discussed in this paper — bar-

rel-to-whisky, whisky diluted to prepare samples for sen-
sory testing, or in the process of making gins — ethanol 
is mixed with water to obtain a desired final ABV. Thus, 
the additivity theorem of the partial molar volumes can be 
successfully applied to both whisky dilution, gin multi-shot 
flavor programs, and alcohol strength dilution processes. It 
also demonstrates that in alcohol dilution, volume contrac-
tion occurs. Because of volume contraction, one cannot 
rely on the conventional additive algebra process, but such 
distillation issues need to call upon more sophisticated 
math equations such as the use of the partial molar volume 
concept.
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SUPPLEMENTAL MATERIALS

Three Excel spreadsheets are provided to allow interest-
ed readers to explore partial molar volumes calculations, 
whisky alcohol strength dilution and single shot versus 
multi-shot gin process calculations: http://artisanspirit-
mag.com/journalds/jds_v1n1/
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