These Notes are to SUPPLEMENThe Text, They do NOT Replace reading the Text Matél.

Additional material that is in the Text will be on your tests! To get the most information, READ THE
CHAPTER prior to the Lecture, bring in these lecture notesand make comments on these notes. These
notes alone are NOT enough to pass any test! Thathor is not responsible for typos in these notes.
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Bromine solid and liquid

Bromine gas and liquid
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MATTER
(may be solid, liquid, or gas)
Anything that occupies

. —— . space and has mass
Nonuniform composition

Physically
separable
into...

More than one pure

Uniform composition
throughout

Fixed composition;
substance present. cannot be
Composition can be varied. further purified

Elements united
in fixed ratios

Chemically Combine
separable chemically
into... to form...

Cannot be subdivided
by chemical
or physical processes
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Table 1.1 Some Physical Properties

Property

Using the Property to Distinguish Substances

Electric

Viscosity

Is the substance colored or colorless? What is the color, and what is its intensity?

solvent?

How easily will a liquid flow?
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°roblem A coin has an “accepted” diameter of 28.054 mm. In an experiment, two students mea-
-¢ this diameter. Student A makes four measurements of the diameter of the coin using a pre-
: an tool called a micrometer. Student B measures the same coin using a simple plastic ruler.

"~ 2 two students report the following results:

Student A Student B
28.246 mm 27.9 mm
28.244 28.0
28.246 27.8
28.248 2?.1

“,nat is the average diameter and percent error obtained in each case? Which student’s data are
~ore accurate?

What Do You Know? You know the data collected by the two students and want to compare
~em with the “accepted” value by calculating the percent error.

Strategy For each set of values, we calculate the average of the results and then compare this
:.erage with 28.054 mm.

Solution The average for each set of data is obtained by summing the four values and divid-
ng by 4.

Average value for Student A = 28.246 mm
Average value for Student B = 28.0 mm




Although Student A has four results very close to one another (and so of high precision), Student
A's result is less accurate than that of Student B. The average diameter for Student A differs from
the “accepted” value by 0.192 mm and has a percent error of 0.684%:

28.246 mm — 28.054 mm

Percent error = X 100% = 0.684%
28.054 mm

Student B’s measurement has a percent error of only about —0.2%.

Think about Your Answer Although Student A had less accurate results than Student B, they were
more precise; the standard deviation for Student Ajs 2 x 1073 (calculated as described below), in
contrast to Student B's larger value (standard deviation = 0.14). Possible reasons for the error in
Student A's result are incorrect use of the micrometer or a flaw in the instrument.

Check Your Understanding

Two students measured the freezing point of an unknown liquid. Student A used an ordinary
laboratory thermometer calibrated in 0.1°C units. Student B used a thermometer certified by
NIST (National Institute of Standards and Technology) and calibrated in 0.01 °C units. Their
results were as follows: v

Student A: —0.3°C,0.2°C,0.0°C, —0.3°C
Student B: —0.02 °C, +0.02 °C,'0.00 °C, +0.04 °C

Calculate the average value for A and B and, knowing the liquid was water (and using kelvins for
temperature), calculate the percent error for each student. Which student has the smaller error?
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Suppose you carefully measured the mass of water delivered by a 10-mL pipet.
(A pipet containing a green solution is shown in Figure 4.) For five attempts at the
measurement (shown in column 2 of the following table), the standard deviation is
found as follows. First, the average of the measurements is calculated (here, 9.984).
Next, the deviation of each individual measurement from this value is determined .
(column 3). These values are squared, gﬁving the values in column 4, and the sum
of these values is determined. The standard deviation is then calculated by dividing
this sum by the number of determinations minus 1(= 4) and taking the square root
of the result.

Measured Difference between Measurement Square of
Determination Mass (g) and Average (g) Difference
1 9.990 0.006 4 x 1073
2 9.993 0.009 8 x 107
3 9.973 —0.011 12 X 10°%
4 9.980 —0.004 2 X 1073
5

9.982 —0.002 0.4 x 10

Average mass = 9.984 g

Sum of squares of differences = 26 x 1075

[5f v 1n-5
s X 1077
Standard deviation = Vui%p—— = 0.008
Based on this calculation, it would be appropriate to represent the measured mass as’
9.984 £ 0.008 g. This would tell a reader that if this experiment were repeated, a
majority of the values would fall in the range from 9.976-g t0 9.992 g.
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1 cm
3.1 mm X = 0.31 cm
10 mm
Number in original unit [w] = new number in new unit
original unit
T N, ———
Quantity to Conversion factor  Quantity now
express in expressed in new
new units units
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2.5

1.5

0.5

x=0.00, y = 1.87

x=2.00, y = 0.82

Experimental data

X
3.35
2.59
1.08

-1.19

y
0.0565
0.520
1.38
2.45

Using the points marked with a square,
the slope of the line is:

Slope =

Ay  0.82 — 1.87
Ax ~ 2.00 — 0.00

= —0.525




