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• How to use significant figures (s.f.) correctly

• Example of prelab excercises and lab reports



Uncertainty in Measurements
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What is the most 

meaningful reading?

(A) 3.1 mL

(B) 3.2 mL

(C) 3.15 mL

(D) 3.16 mL

(E) 3.154 mL

2

3

4



Base quantity Name of unit Symbol

Length meter m

Time second s

Mass kilogram kg

Temperature kelvin K

Electrical current ampere A

Amount of substance mole mol

Luminous intensity candela cd

3

SI Units

▪ International System of Units, SI units

Prefix Meaning

milli, m 10-3

nano, n 10-9

micro,  10-6

mega, M 106



Significant Figures in Measurements
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▪ When record raw data in the laboratory, always write down both the value

(with correct s.f.) and the unit

▪ When reading values from instruments, take all the digits on display; the 

last digit is the uncertain digit

Temp.: 27.8 oC Weight: 0.20 g

3 significant figures 2 significant figures



Precision of the Instruments
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Wt.: 0.1439 gWt.: 0.20 gWt.: 405.26 g

± 0.01 g ± 0.01 g ± 0.0001 g



Significant Figures in Measurements
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▪ When record raw data in the laboratory, always write down both the value

(with correct s.f.) and the unit

▪ Leave only one uncertain digit

▪ The number of significant figures in a quantity is all of the certain digits 

plus the first uncertain one

Certain to 26 oC

read an uncertain digit

Temp.: 26.2 oC

Certain to 6.2

read an uncertain digit

Volume: 6.26 mL

3 significant figures

(2 certain + 1 uncertain)

3 significant figures

(2 certain + 1 uncertain)



Significant Figures in Measurements
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▪ # of significant figures = All certain digits + one uncertain 

digit (estimated value)

Example: How many significant figures do the following 

values have? 

• 21.5 oC

• 0.02 L

• 0.205 g

• 0.50 M

• 1000 mL

3 s.f.

1 s.f.

3 s.f.

2 s.f.

? s.f.

Rules:

1. Disregard all initial zeros

2. Disregard all final zeros 

unless they follow a decimal 

point

3. All remaining digits including 

zeros between nonzero digits 

are significant
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Significant Figures in Measurements

▪ Pro tip: using scientific notation to write down values –

this helps determine the significant figures easily

2500 2 significant figures

2.50  103 3 significant figures 

2500. 4 significant figures

2.5  103

2.50  103

2.500  103



Significant Figures in Measurements

9

▪ Defined quantities, scientific constants, and counting 

numbers of objects have an infinite number of s.f.

• 1 atm

= 101325 Pa

= 760 torr

= 76 cmHg

= 760 mmHg

• 0.2786 g x 8 = 2.229 g

⚫ 0 oC 

= 273.15 K



Significant Figures in Calculation
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▪ In addition and subtraction, retain one uncertain digit in 

the sum or difference

1.75

＋ 9.1

————

10.85

Ans: 10.9 
(retain one uncertain digit 

→ three s.f.)

172.63

－ 1.3

—————

171.33

Ans: 171.3
(retain one uncertain digit 

→ four s.f.)

When the first discarded digit is equal 

or more than five (5 in this case), 

increase the last significant digit by 1

When the first discarded digit is 

less than five (3 in this case), retain 

the last significant digit as is



Significant Figures in Calculation
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▪ In multiplication and division, the number of significant 

figures in the product or quotient equals the number in 

the factor with the least significant figures

200.1 x 3.21 = (642.321) = 642

3 s.f.4 s.f. 3 s.f. remains

222 x 1.1 = (244.2) = 2.4 x 102

2 s.f.3 s.f. 2 s.f. remains



Significant Figures in Calculation
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▪ Example: In the experiment “The Molar Volume of Nitrogen Gas” 

defined (infinite s.f.)four s.f.

Because the smallest number of significant figures in this multiplication/division 

operation is four s.f., the answer is rounded to four s.f.

𝑉𝑆𝑇𝑃 = 𝑃𝑎𝑡𝑚 − 𝑃𝐻
2
𝑂 ×

∆𝑉 × 273.15

𝑛1 × 𝑇1

=
727.3 𝑚𝑚𝐻𝑔

760 𝑚𝑚𝐻𝑔
×

0.25796 𝐿 × 273.15 𝐾

1.0677 × 10−2 𝑚𝑜𝑙 × 302.1 𝐾
defined (infinite s.f.) five s.f. four s.f.

five s.f.

= 20.90 𝐿



Significant Figures in Calculation
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• When taking a logarithm of a number, keep as many digits to the 

right of the decimal point as there are significant figures in the 

original number

log (2.00 × 104)  = log (2.00) + log (104) 

= 0.301 + (4.00000…)

= 4.301

three s.f.

• When taking an antilogarithm of a number, keep as many digits as 

there are digits to the right of the decimal point in the original number

pH = 8.74 = − log [H+]

[H+] = antilog (- 8.74) = 1.819 x 10-9 (M)

= 1.8 x 10-9 (M) (round to the first decimal place)



E1: Determination of Chemical Formula
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Mass of empty test tube: 42.4953 g (six s.f.)

Mass of test tube and CuO: 43.5361 g (six s.f.)

Mass of test tube and Cu: 43.3300 g (six s.f.)

Mass of CuO: 43.5361 - 42.4953 = 1.0408 (g) (five s.f.)

Mass of Cu: 43.3300 - 42.4953 = 0.8347 (g) (four s.f.)

Mass of O: 1.0408 - 0.8347 = 0.2061 (g) (four s.f.)

Alternative way:

Mass of O: 43.5361 – 43.3300 = 0.2061 (g) (four s.f.)



E1: Determination of Chemical Formula
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Moles of Cu: 

Moles of O:

0.8347

63.55
= 0.01313454 = 0.01313 (mol)

0.2061

15.99
= 0.01288931 = 0.01289 (mol)

0.8347

63.6
= 0.0131

0.2061

16
= 0.013

Cu : O = 0.01313 : 0.01289

= 1.000 : 0.9817

If less precise atomic 

weights are used in 

calculations:
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Periodic Table (IUPAC dated 1 Dec 2018)

• The square brackets inform the lower and upper bounds of the standard 

atomic weight of that element



E2: Molar Volume of Nitrogen Gas
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Raw Measurement Results:

▪ Mass of H2NSO3H: 1.0725 g

▪ Molecular weight of H2NSO3H: 97.10 g/mol

▪ R.T.: 28.0 oC

▪ PH2O: 28.3 mmHg

▪ Patm: 76.57 cmHg

▪ Mass of beaker: 154.66 g

▪ Mass of beaker and water collected: 418.13 g

Use the equation provided in lab manual:

(thermometer, three s.f.）

(barometer, four s.f. ）

(appendix, three s.f.）

(five s.f.)

(five s.f.)

(five s.f.)

1 𝑎𝑡𝑚 × 𝑉𝑆𝑇𝑃(𝐿)

1 𝑚𝑜𝑙 × 273.15(𝐾)
=
𝑃𝑁2 × 𝑉1

𝑛1 × 𝑇1
=

𝑃𝑎𝑡𝑚 − 𝑃𝐻2𝑂 × ∆𝑉

𝑛1 × 𝑇1

1. Use the formula weight 

written in the prelab

OR

2. Calculate by adding the 

atomic weights from 

the periodic table in the 

Appendix

e.g. (1.008 x 3) + (14.01 

x 1) + (32.07 x 1) + (16.00 

x 3) = 97.10
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E2: Molar Volume of Nitrogen Gas

▪ n1 = 1.0725 / 97.10 = 0.011045314109 (mol) (four s.f.)

▪ T1 = 28.0 + 273.15 (infinite s.f.) = 301.15 (K) (four s.f.)

▪ Ｐatm - ＰH2O ＝765.7- 28.3 = 737.4 (mmHg) (four s.f.)

▪ 1 atm = 760 mmHg (infinite s.f.) 

▪ ∆V：418.13-154.66 = 263.47 g ÷ 1 g/mL 

= 263.47 mL = 0.26347 L (five s.f.)

Tips:

1. Do the rounding only after all calculation steps are completed

2. Carry at least one extra digit beyond the significant figures through all of the 

calculation steps in order to avoid rounding errors

𝑉𝑆𝑇𝑃 =
737.4

760
× 0.26347

0.011045 × 301.15
× 273.15 = 20.99294 = 20.99 (L)

(four s.f.)
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E2: Molar Volume of Nitrogen Gas

▪ n1 = 1.0725 / 97.10 = 0.011045314109 (mol) (four s.f.)

▪ T1 = 28.0 + 273.15 (infinite s.f.) = 301.15 (K) (four s.f.)

▪ Ｐatm - ＰH2O = 1.008 – 0.0372 = 0.9708 (atm) (three s.f.)

▪ 1 atm = 760 mmHg (infinite s.f.) 

▪ ∆V：418.13-154.66 = 263.47 g ÷ 1 g/mL 

= 263.47 mL = 0.26347 L (five s.f.)

Tips:

1. Do the rounding only after all calculation steps are completed

2. Carry at least one extra digit beyond the significant figures through all of the 

calculation steps in order to avoid  rounding errors

𝑉𝑆𝑇𝑃 =
0.9708 × 0.26347

0.011045 × 301.15
× 273.15 = 21. 𝟎𝟎𝟒𝟓𝟓𝟖𝟒𝟒 = 21. 𝟎 (𝐿)

(three s.f.)

If Patm and PH2O

are converted to 

atm unit first →

Still correct but 

s.f. is different



Prelab Exercise: Principles
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Introduce relevant theories and 

chemical reactions concisely 

(less than one page)
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Prelab Exercise: Chemicals

Include English names, chemical formulas, molecular/formula weights, 

physical properties (density, m.p./b.p., appearance), and chemical 

properties (esp. toxicities)

• Tabulate the content (can use two rows for each chemical)

• Indicate the sources (Wikipedia is often not the most correct source)

• Write NA (not available) if a chemical has no toxicity data (though almost 

all chemicals are irritating to skin/eyes to an extent)

• Molecular/formula weights should have at least four significant figures



Prelab Exercise: Procedures

22Do not copy the procedures from the lab manual as it is



Prelab Exercise: Procedures
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Use flow chart and cartoon to explain the crucial operations in this experiment

Procedures Observations



Final Report (Brief Version)
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▪ Five experiments for this semester (E1, E2, E4, E5, E7) 

▪ Complete the data analysis and calculation part in the lab manual 

(not including the Questions and Discussion)

▪ Hand in the report at the end of the class together with the prelab 

and lab records

▪ 35 points per experiment

▪ 5 pts deduction for late 

submission within one week

▪ 0 points for reports handed in 

more than one week late



Final Report (Brief Version)
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I. Prelab exercise

✓ Objectives

✓ Principles

✓ Chemicals

✓ Procedures

II. Lab Notes

✓ Observation

✓ Operation

✓ Reaction condition

✓ Data and results

III. Final report

✓ Data analysis

✓ Questions and 

discussion

15 pts + 10 pts + 10 pts



Final Report (Full Version)
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▪ Four experiments for this semester (E3, E8, E10, E13) 

▪ Complete the data analysis and calculation part in the lab manual

▪ Plot data correctly and discuss potential sources of errors

▪ Hand in the report in the following week together with the prelab and 

lab records

▪ 50 points per report (5 pts deduction for late submission < 1 week)

I. Prelab exercise

✓ Objectives

✓ Principles

✓ Chemicals

✓ Procedures

II. Lab Notes

✓ Observation

✓ Operation

✓ Reaction condition

✓ Data and results

III. Final report

✓ Data analysis

✓ Elaborate results

✓ Error analysis

✓ Questions and 

discussion

15 pts + 10 pts + 25 pts



Experimental Error Analysis
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𝐸𝑟𝑟𝑜𝑟 =
𝐸𝑥𝑝. 𝑣𝑎𝑙𝑢𝑒 − 𝑡ℎ𝑒𝑜. 𝑣𝑎𝑙𝑢𝑒

𝑡ℎ𝑒𝑜. 𝑣𝑎𝑙𝑢𝑒
× 100%

Positive or negative deviation in your result

Possible causes of 

negative deviation

Possible causes of 

positive deviation

Rule out certain possible 

cause based on the acutal 

procedures or observations

Discuss other potential sources of 

error even though they may lead 

to positive deviation



Lab Report Grading Rubrics
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Category Guidelines Pts

I. Prelab 

exercise

1. Briefly summarize main principles and relevant equations 5

2. List the chemicals’ toxicity and physical and chemical properties 5

3. Use flow chart to explain the experimental procedures 5

II. Lab 

notes

4. Record data with correct significant figures and units 5

5. Record observations, operations, and reaction conditions in 

details
5

III. Final 

report

6. Process data correctly (calculation included) 5

7. Present final results with correct significant figures and units 5

8. Analyze the results with appropriate error discussions* 5

9. Plot the results with correct XY axes and labeling* 5

10. Elaborate findings and provide constructive suggestions* 5

*Only for full reports


