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BOYLE’S LAW Name

Boyle's Law stafes that the volume of a gas varies inversely with ifs pressure if"remperofuré
is held constant. (If one goes up, the other goes down.) We use the formula:

2

P

XV, =P, xV,

i

- Solve the following problems (assuming constant tfemperature).

1. Asample of oxygen gas occupies a volume of 250, mL at 740. forr pressure, What
volume will it occupy at 800. torr pressure?

2. Asample of carbon dioxide occupies a volume of 3.50 liters at 125 kPa pressure.
What pressure would the gas exert if the volume was decreased fo 2.00 liters?

3. A 2.0 liter container of nifrogen had a pressure of 3.2 atm. What volumes would be
necessary fo decrease the pressure fo 1.0 afm?

4, Ammonia gas occupies a volume of 450. mL at a pressure of 720. mm Hg. What
volume will it occupy at standard pressure?

gﬂ

A 175 mL sample of neon had its pressure changed from 75 kPa to 150 kPa.
What is its new volume?

6. Asample of hydrogen at 1.5 afm had its pressure decreased to 0.50 atm producing
a new volume of 750 mL. What was ifs original volume?

7. Chiorine gas occupies a volume of 1.2 lifers at 720 forr pressure. What volume will it
occupy at 1 afm pressure?

8. Fluorine gas exerts a pressure of 900. forr. When the pressure is changed to 1.50 atm,

its volume is 250 mL. What was the original volume?

Chemistry IF8766 20 ®lnstructional Fair, Inc.
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HARLES’ LAW Name

wlcs’ Law states that the volume of a gas varies directly with the Kelvin femperafure,
ning that pressure is consfant. We use the following formulas:

S5

eI

S o
e
e e T
e e

Simse e
s

Seen teia:
A

Rt

Fa

st

Vio=V. oo Vi xT, =V, xT
T\ TZ

K =°C+ 273

sive The following problems assuming a constant pressure.

1. A sample of nitrogen occupies a volume of 250 mL at 25° C. What volume will it
occupy af 95° C?

2. Oxygen gasis cﬁ a temperature of 40° C when if occupies a volume of 2.3 lifers.
To what femperature should it be raised fo occupy a volume of 6.5 liters?

3. Hydrogen gas was cooled from 150° C o 50° C. Its new volume is 756 mL. What was
1 its original volume?

L

4. Chlorine gas occupies a volume of 25 mL at 300 K. What volume will it occupy at
600-K?

I

o [ R R T e
T A I e

e

s

5. Asample of neon gas af 5G° C and a volume of 2.5 liters is cooled 1o 25° C. What is
the new volume?

6. Fluorine gas af 300 K occupies a volume of 500 mL. To what femperatfure should if be
lowered to bring the volume o 300 mL? +

7. Helium occupies a volume of 3.8 liters at -45° C. What volume will it occupy at 45° C?

8. A sample of argon gas is cooled and ifs volume went from 380 mL fo 250 mL. If its
fﬁncHempereﬁure~was~—55S—G-rwhc;-‘r—wgs»h‘swo,rfsgincl_iemp,e[aiute’?

Chemistry IF8766 .21 einstructional Fair, Inc.
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12 « The Gas Laws

BOYLE'S LAW
Boyle's Law states that the volume of a gas varies inversely with its pressure i€ temperature is held constant.
(if one goes up, the other goes down.) We use the formula:

u PyxVi=PyxVy

Solve the foliowing problems (assuming constant temperature). Assume all number are 3 significant figires,
‘ v P, o
I. A sample of oxygen gas occupies a volume of 250'mL at 740 torz pressure, What volume will it occupy at
$00 torr pressure? P, Pl

- B Vo= BV qu@} 250ut) [zse b

xS @w> |
A sample of carbon dioxide oceupics & volumc of 3.50 Lutrs al 125 kPa pressure, What pressure would
the gas exert if the volume was decreased to 2.00 liters? ¥

Py, o

P :,7/ = (125 L?‘@(%rw £ > ~ 1L2t4 k?«
Vo PR

A 2.00-Liter container of nitrogen bad-a pressure of 3.20 atm, What volumc wouid be nec

decrease the pressure to 1.00 atm? Y wo . R

Por Bt nhe VI Z Zowl L" — ) > iy ,@»
2 2

Ve l.N}»L g ’“"‘}L

Ammonia gas occupies a volume of 450 mL as a pressure of 720 mmHg. What velume will it oceupy st
standard pressure (760 mmHg)?

oo Vraseoe T (geontg) (5o **L)

F TR T P Tl i Hﬁ)
A I7\5ymL sample of neon had its pressure changed from 75.0 kPa to 150 kPa. What is its new volume?

«

:@__ fsok )y (s ay
‘ ; [S5 pDn ks

A sample of hvdrogcn at 1.50 atm had its pressure decreased to 0. 50 azm producing a new volume of 750
mL. Whaf was the sample’s original volume? vz

ve B G ) g;:g

Chlorine gas occupies a volume of 1.20 um aI 720 torr pressure. What volume will it occupy at | atm
pressure? Vi Pe

= Dacv—j
Fluorine gas exerts 2 p of 900 LOITL the pressure is changed to 1.50 atm, jts volume is 250
mL. What was the original volume? P e Vi

V.= ?\f‘ LSO:&‘%(QDV”‘L.} 3{.7 "

G

5:28 AM

>s://www.google.com/blank.htmi
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8 « Why Do Hot Air Balloons Float?

CHARLES’S LAW
Charles' Law states the volume of a gas varies directly with the Kelvin temperature, essuming the pressure is
constant. We use the following formulas:
v, V,
T,

of VixTs=VexT

K=°C+2713

Selve the following problems assuming a constant pressire. Assunme all mumbers are 3 significant figures.
r 2

\f 29 K * T Vi Jie. Te
A sample of nitrogen occuples a voleme of 2)(1 mL at 25°C. What volume mll it occupy at (o

Asowt % T
Zae e | ese  |E7_309kL , .
(5 B =T f *
Oxygen gas is at a temperature o&gﬂé\sheﬁ it occupies a volume of 2.30 Liters. To what temperature
should it be raised to oocupy a volume of 6.50 Liters? ¥ s
] L -
-2 3’0 = &'S 2} L 8..5« K:—- - {91.’2. o
2%k ¥
Vi

Hydm"tn gas was coo!td—gom 1_50 SE rog’u,e Its new volume is 75.0 mL. What was its original

volume?

—

Wi Te Vi T
Chlorine gas oceupics a volume of 25.0 ml at 300 K. What volume will it oceupy at 600 K?

.  Loot

&0

> e T, 2AEIC~Th

A sample of neon gas m}’qu a volume of 2.50 Liters is cooled t0.257C. What is the new volumé’

2ot ¢ ] - _}
Sk itk p= L300

Fluorine gas at Fook occupies a volume of 506 mL. To what tcmpcml‘urc should it be lowered to bring
the volume to 300 mL? < ¥» —

Seomk | Booel ¢80 K~
2,00 K- 33 T

J. 228 w1 2UB ke > T
Helium occupies a volume of 3, 80 Liters at —A5ACTWhat valume e will it occupy at $5°C7

ER I o
¥ ¥
22¥ KT us e y .

-
A sample of argon gas is cooled and its volume went from 380 mL ro 250 mL If its final tempersture wus

_=55-2€what was its odginal temperature?
R ke =T

380mk a2l
% AP K

4/9/15, 5:32 AM
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224 CHAPTER 5 THE GASEOUS STATE

5.30 Three 25.0-L flasks are placed next to each other on a
shelf in a chemistry stockroom. The first flask contains He at a
pressure of 1.0 atm, the second contains Xe at 1.50 atm, and the
third contains F, and has a label that says 2.0 mol F5. Consider
the following questions about these flasks.

(a) Which flask has the greatest number of moles of gas?

(b) If you wanted each of the flasks to be at the same pressur
as the He flask, what general things could you do to th
other two containers to make this happen?

PRACTICE PROBLEMS

Note:
20°C, 760 mmHg) are significant igures.

g

UNITS OF PRESSURE

531 A gas in a closed-tube manometer (Figure 5.4) has a
measured pressure of 0.047 atm. Calculate the pressure in
mmHg.

EMPIRICAL GAS LAWS

K
Suppose you had a 3.15-L sample of neon gas at 21°C
PP p

and a pressure of 0.951 atm. What would be the volume of this
gas if the pressure were increased to 1.292 atm while the tem-
. perature remained constant’

You have a tank of argon gas at 19.8 atm pressure at
1G°C. The volume of argon in the tank is 50.0 L. What would
be the volume of this gas if you allowed it to expand to the
pressure of the surrounding air (0.974 atm)? Assume the tem-
perature remains constant.

A McLeod gauge measures 10w gas pressures by com-
Pressing a known volume of the gas at constant temperature. If
345 cm’ of gas is compressed to a volume of 0.0457 cm’ under
a pressure of 2.51 kPa, what was the original gas pressure’

A sample of nitrogen gas at 18°C and 760 mmHg has a
volume of 2.67 mL. What is the volume at 0°C and 1 atm of
pressure?

elium gas, He, at 22°C and 1.00 atm occupied a vessel
WhGse volume was 2.54 L. What volume would this gas
occupy if it were cooled to liquid-nitrogen temperature
(—197°C)?
A vessel containing 39.5 cm® of helium gas at 25°C and
4% kPa was inverted and placed in cold ethanol. As the gas
contracted, ethanol was forced into the vessel to maintain the
same pressure of helium. If this required 18.8 cm® of ethanol.
what was the final temperature of the helium?

-~
pagie 4
je

‘A bacterial culture isolated from sewage produced 37.6

Aﬁ/mL of methane, CHy, at 31°C and 753 mmHg. What is the vol-

"ume of this methane at standard temperature and pressure
(0°C, 760 mmHg)?

\

1N o Lo s aowa Q_,Q\\ u:\~ NI
WA Vua

In these problems, the final zeros given in temperatures and pressures (for example,

532 The barometric pressure measured outside an airplane af
9 km (30,000 ft) was 259 mmHg: Calculate the pressure in kPa

ou fill 2 balloon with helium gas to a volume of 2.68 L7

2T73°C and 789 mmHg. Now you release the balloon. What
would be the volume of hélium if its pressure changes to 543
r}xg\an but the temperature is unchanged?

/'75.36\A diving bell is a container open at the bottom. As the

el descends, the water level inside changes so that the pres-
sure inside equals the pressure outside. Initially, the volume of
air is 8.58 m° at 1.020 atm and 20°C. What is the volume af
1.584 atm and 20°C?

(5738)1f 456 am® of krypton at 101 kPa and 21°C is com-

\préssed into a 27.0-dm”> tank at the same temperature, what 1
the pressure of krypton-in-the tank?™ ™ " —

o —
N

\S_i()/A mole of gas at 0°C and 760 mmkHg occupies 22.41 L
What is thej_qlg_ne at 20°C and 760 mmHg? i :

E.43 )an experiment called for 5.83 L of sulfur dioxide, SO,
at 0°C and 1.00 atm. What would be the volume of this gas at

25°C and 1.00 atm?

ﬂ sample of 62.3 cm® of argon gas at 18°C was con-
tamned at a pressure of 155kPain aJ -shaped tube with mer-
cury, as in Figure 5.5. Later the temperature changed. When
the mercury level was adjusted to give the same pressure of
argon, the gas volume changed to 46.7 cm’. What was the final
temperature of the argon?

{S/A\G Pantothenic acid is a B vitamin. Using the Dumas
fhethod, you find that a sample weighing 71.6 mg gives 3.84
mL of nitrogen gas at 23°C and 785 mmHg. What is the vol-
ume of nitrogen at STP?




178 ® CHAPTER 5

529  In order to double the volume you could reduce the pressure by 1/2. You could also
increase the temperature, but you cannot determine to what final temperature without
knowing the initial temperature.

5.30 a. If you assume that the flasks are at ordinary room temperature, say 25°C, then there
would be approximately one mole of He (at 1.0 atm) and 1.5 mol of Xe (at 1.5 atm).
Thus, the F, flask (with 2.0 mol) would contain the greatest number of moles of gas.

b. You could either decrease the volume, or increase the temperature, or both.

B Solutions to Practice Problems

Note on significant figures: If the final answer to a solution needs to be rounded off, it is given
first with one nonsignificant figure, and the last significant figure is underlined. The final answer
is then rounded to the correct number of significant figures. In multiple step problems,
intermediate answers are given with at least one nonsignificant figure, however only the final
answer has been rounded off. " :

5.31 Use the conversion factor 1 atm = 760 mmHg.

760 mmHg
1atm

0.047 atm Xx = 35.7 = 36 mmHg

532  Use the conversion factors 1 atm = 760 mmHg and 1 atm = 101325 Pa, or
101.325 kPa

259 mmHg x — o x 101.325kPa _ 3453 = 34.5kPa

760 mmHg 1atm

o

533 Using Boyle's law, solve for V; of the neon gas at 1.292 atm pressure.

V= Vx D= agsp ¢ 220A

D=01EM - 9318 = 2.321L
. Py 1.292 atm

5.34  Using Boyle's law, solve for V; of the helium gas at 543 mmHg.

| | P H
V=V x DL opalL x Loommig

L oY - 3894 = 3.89L
Ps 543 mmHg

T
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/ ’4 3 ) :
(5.35 i Using Boyle's law, let V¢ = volume at 0.974 atm (Pf), Vj=50.0 L, and Pj = 19.8 atm.
/ ;
\\_/1/ %;
P' £
Vf=V;x—'—=50.OLXM:10164:1.02)(1031_ !
P¢ 0.974 atm
5.36  Using Boyle's law, let Vi = vqlumé at 1.584 atm (Py), Vi =8.58 m3, and P;j = 1.020 atm.
P.
V=V x —- =858m° x 1.020atm 5505 = 5531
P¢ 1.584 atm
5‘37‘ ~ Using Boyle's law, let P; = pressure of 345 cm3 of gas, and solve for it:
- y 5
P = P x 1 =251kPa X 0.0457cm” _ 3374 10% = 3.32x 107 kPa
Vi 345 cm?®
5.38  Using Boyle's law, let Ps = final pressure of 27.0 dm3 of gas, and solve for it:
' 3
P = P X Vi . 101 kPa x RIS 1705.7 = 1.71x 10° kPa
Ve 27.0dm>
539 | Use Charles's law: Tj = 18°C +273 = 291K, and Tf = 0°C +273 = 273 K.
\ T
Ve = VX —Tf— = 267 mL x 213K _ 5 5048 = 2.50 mL
i
540 Use Charles's law: Tj = 0°C +273 = 273 K, and Tf = 20°C + 273 = 293 K.
T
Vi =V x —- = 22411 X 293K _ 94051 = 24.1L
Ti : 273K ,
5.41 / Use Charles's law: Ti = 22°C +273 = 295K, and Tf = -197°C +273 = 76 K.
\\\. /,./
Vi = Vi x — = 254L x 76K _ 654 = 065L o
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542 Use Charles'slaw: Tj = 0°C + 273 = 273K, and Tf = 25°C + 273 = 298 K.

V= Vi X Tr _oegat x 28K - gap3 =636L
T 273K

-

C/ 5.43 Use Charles's law: T; = 25 C+273 = 298 K‘ and V is the difference between the
vessel's volume of 39.5 cm® and the 18.8 cm® of ethanol that is forced into the vessel.

(39.5-18.8)cm’

3 ='15§.1K(—11§.90r—117°C)
39.5cm

Y
Te=T; X —— = 298K X
Vi

544 Use Charles's law: Tj = 180C + 273 = 291K, V=623 cm?3, and Vf=46.7 cms3.

3
TooT, x Lt = 201K x 46.7cm” _ 5151 = 218K (-56.0 0r -55°C)

Vi 62.3cm>

TN
\ 5.45 ,} Use the combined law: Tj = 31°C + 573 = 304K and Tf = 0°C+ 273 = 273 K
\\\\/t v
Tt . oareml x LommHo 273K _ 33454 = 335mL
760mmHg 304K

Use the combined law: Tj = 23°C + 573 = 296K, and Tf = 0°C + 273 = 273 K.

785mmHg , 273K

—_ = 3658 = 3.66mL
760 mmHg 296K

Vi =V, =X — = 384mL x

P Te
Pe T

Th;; balanced equation is
4NH3 + 50 — 4NO + BH20
The ratio of moles of NH3 to moles of NO=4to4,ortto1, so(1 volume of NHz will
produce 1 volume of NO at the same temperature and pressure.
The balanced equation is
COy + 3Hp — CH3OH + HoO

The ratio of moles of Hp to moles of COp=3t01,s03 volumes of Ho are required to
react with 1 volume of CO at the same temperature and pressure.




