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Identifying an Unknown Liquid from its Density
Density refers to the number of particles in a unit volume of any substance. The standard
densities of pure common substances can be used to identify compounds. Density is useful given
the ease of estimation and the potential to characterize and define substances’ composition. The
lab activity sought to estimate the densities of two unknown liquids labelled as compounds A-1
and A-2 and identify the substances. The liquids are only identified as a preservative and a
neurotoxin, and the preservative is denser than the neurotoxin. Since density is the ratio of mass
to volume, the procedures measure mass in grams and volume in mL.
The procedures were conducted via a virtual lab. The mass was measured using a virtual
electronic scale, while volume was estimated using a graduated cylinder.
Procedure
1) Find the mass of a 50 ml graduated cylinder by placing it on the virtual scale.
2) Reset the scale to zero while the graduated cylinder remains on the scale.
3) Select the compound and pour 20 mL, 30 mL, and 40 mL into the graduated cylinder.
4) Read the mass of the selected compound.
5) Record the mass of the graduated cylinder and compound in each trial. Since the scale
allowed reset to zero after measuring the mass of the graduated cylinder, no calculations

were necessary to find the mass of the compound.



Results

Table 1: Mass of a volumetric flask in the three trials estimating the mass of compound A-1

Compound A-1

Mass in grams of a graduated
Trials cylinder

71.4145 g

72.4890 g

72.4360 g
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Table 2: Mass of a volumetric flask in the three trials estimating the mass of compound A-2

Compound A-2

Mass in grams of a

Trials graduated cylinder
1|71.0563 g
2173.2365¢g
31737638 g

The mass of a graduated cylinder differs even though all are 50 mL graduated cylinders.
The difference arises because the graduated cylinders are not made of an equal mass of the
material. The recorded volumes were not used in the calculation because of the scale’s ability to
reset to zero.

Table 3: Results for trials 1, 2 and 3

Compound A-1

Trials Volume (mL) Mass (g)
1 20.00 25.2000
2 30.00 37.8000
3 40.00 50.4000




Table 4: Results for trials 1, 2 and 3

Compound A-2
Trials Volume (mL) Mass (g)
1 20.00 17.0000
2 30.00 25.5000
3 40.00 34.0000

Mass was measured to the nearest 0.0001 grams. The accurate mass is, therefore, +
0.0001g. A mass of between 25.1999 grams and 25.2001 grams would be accurate for trial 1
using compound A-1. Similarly, the mass of compound A-2 in trial 1 was 17.0000 g meaning
that the precise value falls in the range of 17.0000+0.0001 grams hence a mass of between
16.9999 grams and 17.0001 grams would be accurate. Volume was measured using a graduated
cylinder. The graduated cylinder comes in different sizes that range from 10 mL to 50 mL. The
graduated cylinder measures volume with a high precision of up to a hundredth of an mL. When
reading the volume, the eye must focus on the bottom of the meniscus. Since the volume is
measured to the nearest hundredth, the accurate range is +£0.01 mL. Values of between 19.99 mL
and 20.01 mL would be, therefore, precise for trial 1.

Data Analysis and Calculations

The formula for calculating density is

Density, d = —
ensity, —V(mL>



Table 5: Calculations for trials 1, 2 and 3

Compound A-1
o mlg)
Density of liquid, d = V(mL)
Trials Volume (mL) | Mass (g) (g/mL)
1 20.00 25.2000 25.2000/20 = 1.2600
2 30.00 37.8000 37.8000/30 = 1.2600
3 40.00 50.4000 50.4000/40 = 1.2600
Table 6: Calculations for trials 1, 2 and 3
Compound A-2
Trial | Volume . - m(g)
Density of liquid, d = /mL
s (mL) Mass (g) ensity of qu V(mr) &™)
1 20.00 17.0000 17.0000/20 = 0.8500
2 30.00 25.5000 25.5000/30 = 0.8500
3 40.00 34.0000 34.0000/40 = 0.8500

There are three density calculations emerging from the three trials. To find a single density

estimation, we find the average density as

Trial 1 Value + Trial 2 Value + Trial 3 Value
3

Average density =

1.2600g/mL+1.2600 g/ mL+1.2600 g/mL
Average density for Compound A-1= g/m 39 i g 1.2600 g/mL

0.8500g/mL+0.8500 g/mL +0.8500g/mL
Average density for Compound A-2= grm 39 m 9T ~ 0.8500 g/mL

Based on the density of common compounds, we identify compound A-1 with an average
density of 1.2600 g/ mL as glycerol, C;HgO; (Simon Fraser University, n.d.). Glycerol is a
clear, viscous, odourless, sweet, and non-toxic compound that contains three hydroxyl groups.
The compound’s properties make it useful in dermatological treatments and as a preservative in

the food industry. Compound A-2 is turpentine, C,, H,,0, with a density of 0.8500 g/mL (Simon



Fraser University, n.d.). Turpentine is a liquid derived from resin distillation, mainly from pine
trees (Young, 2001). It is a flammable, colourless liquid with a characteristic odour. Turpentine
oil is used for medicinal purposes. When applied to the skin, turpentine eliminates toothache,
joint, muscle, and nerve pain (Young, 2001). When inhaled, turpentine also treats lung problems.
The liquid identified as a preservative is glycerol with a density of 1.2600g/mL, and the
neurotoxin is turpentine oil with a density of 0.8500 g/mL.

Besides using a virtual lab to estimate the density of a liquid, there are multiple
traditional methods used to estimate the mass and volume of a liquid before calculating the
density. The most popular method of measuring the volume is the use of a cylinder. The liquid
level in a cylinder is recorded as the calibration touched by the bottom of the meniscus. Utmost
care is required to ensure accuracy. Filling actual liquid in a cylinder is more sensitive and prone
to errors relative to the virtual setting of the desired volume. A pan balance is one of the most
popular traditional methods of measuring mass. Since the pan balance does not allow for a reset
to zero with a cylinder placed on the pan, the liquid’s mass is obtained by subtracting the mass of
the cylinder and liquid from an empty cylinder’s mass. There are higher chances of error while
using a pan balance and cylinder. As a result, it is more difficult to find three consistent trials.
Consistent values are within the range of+0.01, given that a cylinder measures volume to the
nearest hundredths. Similarly, a pan balance measures mass to one decimal place, meaning that
the range of consistent values is+0.1.

In conclusion, using virtual lab technology is an easy and precise method of estimating
mass and volume for calculating density as compared to traditional methods. The density values
obtained in all three trials were equal for each experiment hence ruling out the possibility of

errors. The density of compound A-1 was 1.2600 g/mL, while that of compound A-2 was 0.8500



g/mL. The liquid identified as a preservative is glycerol with a density of 1.2600g/mL, and the

neurotoxin is turpentine oil with a density of 0.8500 g/mL.
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