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Ch.1 Matter and M easurements

Chemistry : Chemistry isthe study of matter and its composition, structure, and

properties; the changes that matter under goes, and the ener gy
associated with those changes.

§1-1 Type of matter

1. Matter : Matter is anything that has mass and occupies space.
It exists in three phases :

Volume Shape
Solid () Fixed (O) Fixed (O)
Liquid (1) (O Not fixed (x)
Gas (g) (x) (x)

(O): Fixed; (x): Not fixed.

Aqueous (aq): 7#3%;"2?%
2.

* Pure substance : has afixed composition and a unique set of properties.
* Mixtures : composed of two or more substances.

* Element : atype of matter that cannot be broken down into two or more pure
substances.
EU =15 113 7o sk (A 115) » 91 5 w3 F IR, U J\}f%@ﬁﬁw Zh, HE S
T AR, B R

Compound : is a pure substance that contains more than one element. Ex: (H,0; CHy;
C:H.). It has fixed compositions (H,O : 11.1995 H ; 88.81% O)
properties of compounds different from those of the elements they



contain.

Ex : NaCl (white, unreactive solid)
Nais a shiny, extremely reactive metal; Cl is a poisonous nonmetal.

* Mixture : contains two or more substances combined in such away that each

substance retains its chemical identity. It does not react with one
another.

1.Homogeneous 5#f! @ uniform mixtures
The composition is the same throughout ~"7 solution (Soda water; Brass)
sy EEH R didtillation.

2.Heterogeneons ZESHE! @ nonuniform mixtures

The composition varies throughout (sand).
J)BETE ¢ filtration (to separate a heterogeneous solid —liquid mixture).

§1-2 M easurements

Scientific measurements are expressed in the metric system.

TABLE 1.2 Metric Prefizes

Factor Prefix Abbreviation Factor Prefix Abbreviation
10 megs LY | 1= [
10# kil k 10" mlcro H

10" decl | 107 TLAELD
102 cemti [ 107 = pico i

1. Wewill look at four familiar Quantities: length- volume mass- temperature -

(1) Length: standard unit of length is the meter.

1km=10°m 1ft=12in 1in=2.54cm
1cm=10%m 1yd=3ft 1m=239.37in
1mm=103m 1 mi = 5280 ft 1 mi =1.609 km
1nm=10"m=10A

1A=10"m

(2) ?%‘%ﬁ(volume)



<45 2% 55 (cubic centimeters, cc) 1 cm® = (10°m)° = 10° m°

A (liter, L) 1L=10°m’=10*cm’
20K (milliliters, mL) 1mL=10°L=10°m’
lgal=4qt=8pt 1mL= 1cm’
1qt=57.75in 1L =1.057 gt

(3) Inthe metric system massis most commonly expressed in grams (g),
kilograms (kg), or milligrams (mg)

1kg=10’g 1lb=16 0z 11b=453.6¢g
1mg=103g 1 shortton=20001b |1 g=0.03527 oz
1 metric ton = 10% kg 1 metric ton = 1.102 short ton

Thereisadistinction between mass and weight.

TTEl (Mass) : isa measure of theamount of matter in an object.

E1El(Weight) : isameasure of the gravitational force acting on the
object.

TEE|(Mass) | SR R0 8 IR

(Weight) : 5’?EU7F§;FE#I5’?*§’Q o R AR -

(4) Temperature
Temperature is the factor that determines the direction of heat flow.
* % (Celsius » °C) Tec = 5/9(T- — 32)
*x &' X (Fahrenheit > °F) Top=1.8Toc + 32
¥ PN (Kelvin > K » <7 ERe¥RE S absolute temperature)
K = Toc + 273.15
#1EFFHE  (absolute zero) %ﬁ%j—p’mﬁ [XE » K =0(-273.15°C).
Any trueideal gas goesto zerovolumeat O K.

Ex1.1: Mercury thermometers are being phased out because of the toxicity of
mercury vapor. A common replacement for mercury is the organic liquid
isoamy| benzoate - Which boils at 262°C , what is its boiling point in °F = ?
K="?
isoamy| benzoate * ' IJ% £ r‘/p‘ﬁ C,H.COOCH,CH (CH.),

Ans :

2 Toe= 1.8~ 262+32= 471.6+ 32

= 503.6 °F = 504 °F
5



b)
T, = 262+ 273.15= 535.15K
= 535K

The Sl unitsfor the four quantities discussed are:

Length : meter (m) Mass : kilogram (kg)

Volume : cubic meter (m®) Temperature : Kelvin (K)

§ Uncertaintiesin Measurements : Significant Figures & 3547~

Significant figures = measurement figures + uncertainity figures

There is an uncertainty of at least one unit in the last digit.

Ex1.2 : Using different balances ,three different students weigh the same object.
They report the following masses : How many significant figures does
each value have ?

Ans:

1.611 4 G0 IS
1.60 3 b 5
0.001611 4 G0 IS

§ Exponential notation ?‘ﬁ@?‘%‘&f

In general, any ambiguity concerning the number of significant figuresin a
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measurement can be resolved by using exponential notation (scientific notation).

5.00" 107 3 ¢ BT
57107 16 gt

§ E|FSBIEE
FR R R PEIYFPIET

Ex 1.3: A USAirway flight leaves Philadelphia in the early evening and arrivesin
Frankfurt 8.05 hours later. The airline distance from Philadelphia to
Frankfurt is about 6.6 x 10° km, depending to some extent on the flight path
followed. What is the average speed of the plane, in kilometers per hour ?

Ans:

_ 6.6” 10° km

|
t 805 h

speed =
- km
= 819.875776 km/
— 102 km
\ speed =8.2" 10 A

S T YR B DR S I L PRT R -

EX:
Instant coffee 10.21¢g 10g
Sugar 0.2g |:> 0g
Water 256 g + 2569
266 g

§ Convergon of units:

It is often necessary to convert a measurement expressed in one unit to another
unit.



Ex1.4 : A gasoline station in Manila, Philippines, charges 37.57 pesos per liter for
super unleaded gasoline at atime when one U.S. dollar (USD) buys 47.15
Philippine pesos (PHP). The car you driving has a capacity of 14.00 U.S.
gallons, and gets 24 miles per gallon.

(a) What isthe cost of super unleaded gasoline in Manilain U.S. dollars per
gallon ?

(b) How much would a complete thankful of super unleaded for your car cost
indollars ?

(c¢) Suppose you have only 1255 pesos, and the car’s tank is almost empty.

How many Kilometers can you expect to drive if you spend all your
money on super unleaded gasoline ?

Ans.
a). 3757 PAP - _1USD . 1L - 44 _ 3415 sp/gal
L 4715PHP 1057qt 1ga
b). 14.00ga © S22 YSD _ 4551 usp
1gd
o 1sspp _1USD . lgd . 24miles. 1600km _o . oo
A715PHP 3015USD  1ga 1 mil

§ 1-3 Properties of substances
Intensive (7 ¥TRY) properties:

The properties independent on amount. Ex: temperature ~ pressure.

Extensive (FE4 B11V) properties:
The properties depend on amount. Ex: volume ~ weight.

Chemical properties: [~% » *~jf®

When the substance takes part in a chemical reaction, a change that converts it
to a new substance.

PORTILASH (29 i+ 2 WP FRPIET 20 SRR R -
2H,(9) +0,(0) ® 2H,0(g) (& R ik 3 Fl IS5 A= 2s)

Physical properties: can be measured without changing the identity of a substance.

Ex : Melting point ; boiling point.

Density : p=M__Mes
V  volume



Ex 1.5: Palladium (Pd) is an element with properties similar to those of platinum. It

Is useful in eliminating harmful emissions produced by internal

combustion engines. Two students were given identical cylindrical

“palladium” bars with the following data:

masss= 96.03 g, length = 10.7 cm, diameter = 9.82 mm, density = 12.02

glen’.

(@). Student X was asked to determine whether her bar was made of pure
palladium.

(b). Student Y was asked to determine how many grams of ethyl alcohol
(d= 0.789 g/cm®) his bar would displace.

Show the calculations that Students X would do for the assigned tasks.

Ans :
_m_96.03g _ 96.03 _ 96.03g
(a) D=—= ;s 2.4, - 2 - 3
V p’ r¥l p’ (0982/2)° 10.7 810cm
=11.8498 9/ |
cm
=11.8 g/cm®
(b) m (alcohol) = 8.10 cm®x 0.789 g/cm®
=639g

§ Solubility (7E27%)

At constant temperature, the amount of solute can be dissolved in a certain

solvent. Solute dissolves in a solvent is ordinarily a physical rather than a chemical
change. Unit: g solute/100 g solvent; M (molarity).

Ex 1.6. Sucrose is the chemical name for the sugar we consume. Its solubility

Ans :

at 20°Cis 204g/100g water 100°C is 487g/100g water. A solution is

prepared by mixing 139 g of sugar in 33.0 g of water at 100C.

(@) What is the minimum amount of water required to dissolve the sugar at
100C ?

(b) What is the maximum amount of sugar that can be dissolved in the
water at 100C ?

(c) The solution is cooled to 20°C . How much sugar (if any) will
crystallize out ?

(d) How much more water is required to dissolve all the sugar at 20°C ?

487 : 100=139 : x
x = 28.5 g water



b) 33.0 y= 100: 487
y = 161 g sugar
C) 330 : y= 100 :204
y = 67.3 g sugar
\ F%;*e | 139-67.3=72gsugar i,
d). 139 : x =204 : 100
X = 68.1 g water

\ ffffel 7 68.1-33.0=35.19 -

10K

Fig 1.12: Solubility of table sugar.

We can say that it gives the concentration of sugar in a satur ated solution; at
various temperatures. (At 20°C the solubility of sugar is 204 g/100g b asaturated
solution of sugar contains 204 g sugar in 100 g water)

Unsaturated: Below the curvein Figure 1.12 is unsaturated solution. Point A
(1509 sugar per 100 g water at 20C)

Supersaturated : Abovethecurvein Figure 1.12. point B (300 g sugar per 100 g
water at 20°C). Such a solution could be formed by carefully
cooling a satur ated solution at 60°C to 20°C. Here a saturated
solution contains 204 g sugar per 100 g water. The excess

sugar staysin solution until a small seed crystal of sugar is
added.
§ Color; Absorption Spectrum:

Some of the substances you work with in general chemistry can be identified at
least tentatively by their color. (Ex: Gaseous nitrogen dioxide has a brown color ;
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vapors of bromine and iodine are red and violet). The colors of gases and liquids
are due to the selective absorption of certain components of visible light.
The wavelengths of visible light range from 400-700 nm regions.
(<400 nm isultraviolet ; >700 nm is infrared )
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