ke (arnit foor morgvant of i Oz mabe {abbreviated mol) i defined a8 the amaount of substance that containg
sbsiineel gs many aloms or melecules as there are i precisely 12 grams of carbon 12 {whose
atomic mass is exactly 12u). A simpler but equivalent definition is thisc | meol s that
nagmiber of grams of a substance numencally cqual o the molesular mass (Section 13-1)
ol the substance, For example, the molecular mass of hydrogen gas (H ) is 200w (since
esch molecule containg tawo atoms of hydregen and cach atom has an alomic mass
ol Lbuj, Thus | mal of 1, hos & mass of 2.0 Smnlardy, | mol of neon gas has a
mass of Mg, and | mol of OO, has o mass of [12 + (2 % 16)] = H g since
axvien has alamie mass ol 16 (see p-qeril:ldls.: Takbsbe insiche the rear cover), The mole is
the official unit of amount of substance in the 51 system, In general, the number of
malies, e, in a given sample of a pure substance i equal to the mass of the sample in
PRI clrvmdedd I:h. The modecwlir mass s.pl.':d;il'le.:l;l {3 prams per il

midss [ gramis)
miclegular mass (g/mol)

i {mod }

For example, the number of moles in 132 g of Oy (molecular mass 44 u) 15

|52
[ = m—— ]l
44 2/ maol
We can now write the proportion discussed above as an equation:
IDEAL GAS LAW | PV = uRT, (13-3)

where i represents the number of moles and R is the constant of proportionality.
s called the universal gus constunl heciuse ils vislue is found experimentally 1o
b the same for all gascs The value of 8. in several sets of units (only the first is
the proper 51 uni, is

Uinicersal R o= 8314 1 (mal - K} HI un'il::s]
pirs comskinl = QOS2 (L - acrm )/ [mod-K)
i AT M) = 1.9 calories/ (mal - K

Equation 12-3 is called the ldeal gas law, or the equathon of state for an bdeal
gas. We use the term “ideal” because real gises do not follow Eq. 13-3 precisely,
particularly at high pressure (and densityy or when the gas is near the liquefaction
poini {= boiling point ). However, al presswres bess than an atmosphere or s and
when Tis nod close to the liquelactson poinl of the gas, Eg. 12-3 s quile accumte
and useful for real gnses,
* CAUTION Always remember, when using the ideal gos low, that temperatures must be
Alwrvs mive 1 kedvios o given in kelvins (K) and that the pressure P must always be abzofuie presure,
I e arbalute, mod gouge, presvare pol gauge pressure (Section L0-4).

Problem Solving with the Ideal Gas Law

The ideal gas law is an extremely uselul tool, and we now consider some
Examples We will often refer to “standard conditions™ or “standard temperature
and pressure” [8TF), which means;

ETP = 273K, 1 am T =273K (0°C) and P = 1.00atm = 1013 X 10° N/m" = 100.3 kPa.
Volume of one mol at STP. Delermine the volume of
100 mal of any gas, assuming it behaves like an ideal gas, at STR
APPROACH We use the ideal gas law, solving for ¥,
SOLUTION ‘We solve Tor V¥ in Eq. 13-3;
nfT  (LO0DmoliB3014 1 /moel- K 2T5K)
r (1013 % 1FN/m’)

Since | liter is 1000 em® = | = 10" m”, | mol of any gas has V = 2241 at STR

Vo= = 24 W 107 m.

| vl caf pard ar N Ry

o= 2141

"Calorics will he defined 1o Section 141 somemes i 5 eelul o use 8 as gives n lermes of calorcs
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