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Gas Law | Solutions review!
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Max VP / equalibrum VP /satwahi
1. (You'll need a vapor pressure charf fof these) VP
a. If the temperature is 24.0 °C when the relative humidity is 54%, find the vapor pressure of water in the atmosphere. R H i—-

Ri= ME—-— x100 gy = Ve %100 T\/P = |12

-‘-eﬂ\, .
A VP (hart) 22.38, ™ e
M ﬂ Mm 2
b. What is the relative humidity on a 29°C day, if the vapor pressure of water is 25.4 mmHg? |

‘MYWO = g4.SS = Y. b %]
30.04&.%’ 4

¢. What is the boiling point of water at a very high elevation, where air pressure is 400. mmHg?

<84 sine whaT = §4°0 dhe VP 1S HOO.mmH;

2. Consider this chart of Vapor Pressure vs. Temperature, for ethanol and acetone.

e ~ 5l A
Temperature Ethanol VP Acetone VP

i0 mmHg mmHg _— L\,Dt
2.3 10 71
19.0 40 188 Qt
34.9 100 354 <
48.0 200 571
56.5 300 761 9

63.5 400 958 %
78.4 760 1510 [ —
97.5 1520 2560 — e
126.0 3800 5100 5{) u VvV M" N

a. Explain why the equilibrium vapor pressure of a liquid increases as temperature increases.

As ftuy increaoes, o loglr Fachon of the Li'quad moltady,

Wil hawe &100&//’1 SF—QA)/ Onough lunehc enzgjﬁ; OVE/Came
maﬁfndh;‘e o s betwes molecudes, s, mote Me [enles
U\Jl‘l/ &WW?M lnhﬂA{, So Vapor pressire will 1nllepse.

b
b. Estimate the normal boiling point of acetone. 5'6 C» / 5 b ,g DL

¢. Estimate the boiling point of ethanol if it is in a pressure chamber, where air pressure is 5 atm. I 76 . L
d. Which liquid has stronger intermolecular forces? Explain how you can tell from the data. G x30= 3 00 Mm Hj

Ethmel has Shongy Forces.

s et hao a na/{w-p btﬂlllr!?'pt'"ﬂ FEuL pWile acetones
Al bDn/lr_Lj fOJ/T/”ﬂf 5é OC' S‘Mﬁ\mrﬂ re4ULIrey 4%{[\9/
tempto Wth lab & ve, e S molewdlts mus

e Shongly  athaokd To each other

Di. » At a Guvta Fonp, actwme W0 kg VP Ahp eﬁxmﬁf,
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T subbagte), Sincethe 344 's at Jower P ﬂ\m%\e

3. Consider the followmg mercury manometers Each are open to the atmosphere on the left side. [} ¢
Assume that the atfnosphenc pressure is 745 mmHg. Determine the pressure of the gas sample in each case.

a. h= 3.51:_m = 35

Pgas® 745+95

08401y

(I addedsince

"
Pgu - 7 .‘ig "3‘5
Pgas-=F1D. MMHjJ

e gas 1S at o
- hghe ¢ +han
c. In part (a), what would the height be if the fluid in the tubing is water, instead of mercury? e atmos P m
DensSyhy o Hopyy = 1. 00 I/mL &
; ity Hz %) (3‘5'MmHj) 13.6 mm HzO -
ensity of 9 (8) = 13.69/mL | Mm Hﬂ’ 416
l.,.g 0 wmm il
4. Ba(OH), and C,H,(OH), can both dissolve into water. |c' Hlo
a. Compare these two compounds in terms of:
BaloH)2

Total concentration of solute particles in a 0.02 M (aq) solution.

BaloH),: Ba"*+20¥™ ias. (‘9'“’“‘)(3:3:‘;#) =| 06 M parteled)
CaHy (o) Wort S\oh\' Wp Sinwe Covalead, So 3».5*\ 0.0 M cirl.,%
! (A

ical conductivity.of their 0.02 M (aq) solutions.

Balot)z cay will conducd]. BaloH), 15 a Shng ¢lecholye
The CeHy[oHTz will nst conduct] s a non elechlyie.

pers) of bonding thvolved in the compound.

BaloH), is ronic, so i has 1onic bonds. (+nece is also a covalent
Hy(0H) ot , 0 conti bwad. behiezn © and H 1
Cl 'fD 2 ‘S CoVvi N SO Con ' S )\, rd
covalbhF bonds y oo ¢)

‘ b. Draw a ﬁcture showing an aqu: %solutlon of Ba(01}-1)2 ( )
\'C‘_} ' “\ / /3 \ ) V/
( (0] W o OH_‘ - N x\‘ .

Vo 7o M / o
G>OO\ 0" h \/Q\

\>\¢~"O

B x J‘ /0\
\_// \}‘ \" \5
o

¢. Classify each ccumpound as an electroiytc or non-electrolyte:

CH,,0 CaBr, NaBrO LiOH CH,OH HBr

HON  Elesbolyt Clecige Eecholde dechge  NON  elecholyle



5. Consider two samples of gases: Fz: 37.99 68 j/thlﬁ, 241 P{/ Mble . 4!

10.0 liters of fluorine at 1.0 atm and 5.0 °C

10.0 liters of butane (C,Hyo) at 1.0atmand 5.0°C Cy#fie © 58.123 3 /mile, 10 ahms p&r mole
For each letter, determine which sample has the higher value of the quantity listed (or indicate whether they are equal)
For the ones when one sample has a higher value of the quantity, find the ratio of the higher value to the lower value of

that quantity. Assume that the gases are behaving ideally. 12 Butane is 1.5297
. . 58.123 %l .53‘77’i bLimwasdénse
a. Density fluorine @ they are equal 3?-9968 V.
= (53483 V2 Y[ 238
b. rate of effusi butane the equal [ Fez '(""’_—' g Lo
rate of effusion uorine l.l.-fn | y are equa /r,.“m 379968 s
c¢. number of atoms fluorine @ they are equal ¥ ||+/z —1_ '? l eF(-LSn v
mie 1s

d. number of molecules fluorine butane they are equ I bvdw has-
N=PV/rr samepV,T so Same @""“j‘f) LMol udla- g ppeatoms lﬂb?f;

e. avsf:ia'gﬁ léjnetic ﬁ*.r YSO% Vf%aﬂb they are e;j_u-ali‘.. . ] & i Vz | : 363
f. root-mean-square speed uorine butane they are equal 2 = ( Pl ol S =1 /. l

3'9.9%3) -

\/C HH 1) t

Fluoaa avg

6. For the two samples of gas in the above problem:
a. What temperature (in "C) would be needed to double the root mean square speeds of the gases? SF?;A o ',‘1 368

KE=-Ltmv? Mustquodcugle the EelVin Temp .

1£ Vn Zfrw by a facte o2, 5+27% = 21% K :
KE musSt in crtque {ya factoret 4. (22) 238 Xy = 112K ,50|3%9 1

b. What temperature (in °C) would be needed to double the average kinetic energies of the gases?

o double the KE, mustduble #o Kelvin Hemp.
(a380) @) = 556 % so [283 ’(/j

¢. How could you change the conditions listed above (they are still fluorine and butane, though) to cause the gases to

increase their densities? ) Pm . ? M ° I‘ nCréaae :Pf{.S.S wé

a0 . M . 2
D=7 (nery  NRT RT * decrease Tem,aem-lwe
P

d. What is the rms speed of fluorine at the concli'tit}n;n ysm——‘\ | J-Du-l( = ‘ kg m 1/ S ':-)
Vs = o 35T - 1/2133»4 Tt )(238¥) T2 M/SJ

/’_AA/ . 0339948 Kg/mile
must do mola mass in Kg/mile Since Toules have kg ';"H"M

e. How could you change the temperature and pressure of the gases to cause them to deviate more from ideal behavior?

In what ways will the gases act less “ideal” and more “real™ if you do this? 1
[Jncrease pressuce| ond/oc| decreqse +empteature]
(Both ot Thise will [ncrease - . phe #oF mploo of mole a..lbﬂ.
v per uaitvolume,

s\ rmplecular Forces will po mpre s:‘jm"ﬁ caal”

o-The volume ocqupitd by +he mole pdes Hhemsplves will |
b more ijn‘récI:n W\Fpﬂffd HJothe  volume stthe Cortounlr,




“Relahve # ef Molecuks

KBWCCHHID) at 5oC
.- P ak 5°C

oY
Frachmn +f moleale

w A Phat Speed

& Fa &t [00°C

Speed

6f. Sketch a graph showing the distribution of speeds for the gases in #1. (so, for fluorine and butane, both at 5 °C)
(Put the Boltzmann distribution for both gases on the same graph).

g. Still on the same graph, sketch the curve for fluorine again, but at 100 °C

h. What would the Boltzmann distribution look like if the gases could be cooled to zero Kelvin?

i | o ll e moleces would have P speed
Mo\ ) ¢|(4th {neryy i+at abSO(uk? #m .

‘ . So\uS+ a Siagle
o S‘p-eeA 100 " Plki”"aj M/_S'.

i. Even at the same T and P, butane gas is less ideal than fluorine, because butane molecules are larger (occupy more
volume) and also have stronger attractive forces to each other. Suppose you calculated the pressure of a different
sample of butane according to the ideal gas law (P = nRT/V) and then you measured the pressure of the sample.

(m~) zlob 300

i1. If intermolecular forces were present (but the space occupied by molecules was still negligible), how would the

actual pressure compare to the calculated (“ideal”) pressure? .
achal pressure wonld be  less| (€ mplewdes Shckto-€ach othor,

Peyll act ao iF feuty moleutes avepreseit s fwe ollisims,

i2. If the molecules themselves occupy significant volume (but had no significant attractive forces), how would the
_ actual pressure compare to the calculated (“ideal”) pressure?

[achual presSure would be mole[than #he ideal "presswe.
£ moleudes otupy Signihcant volume, the acheal voluae “aval lable

+o o will be ks she volume o the Contauner,
So pressur will incregse.

7. The Boltzmann distributions for Ne, Xe, and He are shown below/right.
All gases are at 200 Kelvin.
i
a. Identify which gas corresponds to which curve, 7
and use the graph ﬁ estimate the rms speed of each gas.

See 9vp : Vrms (Né) x500 5 E
Vems (Xe) = 200m/s Vo (He) no? )
M/

«— Ne

(131 dMu)

. Ne (20 amn)

b. How does the average kinetic energy of Neon

compare lo the average kinetic energy of ?(,rr)n?

Thej ace[Fhe Same. ..
Siace bhoth o0 Kelnn .

o He (Hamu)
1000 %, 1500 2000 2500

Meed (s Ve X 10O M/S




8. Boltzmann distributions for ethane gas (C,Hy) are shown below/right.
The curves correspond to 400 Kelvin, 800 Kelvin, 600 Kelvin, and 200 Kelvin.

a. How does the average kinetic energy of ethane at 400 K
compare to the average kinetic energy of ethane at l?‘00 K?

Kinehe €n TS hAgNr o
ﬂ\euoo Kelvin %l"& Ml&uﬂ‘"\’)

b. Détérmitie Which curve corresponds to which temperature.

c. Calculate the rms speed of ethane at 400, Kelvin.

Vims = »\ij' - (2023 )(400.K)

Relative number of @ molecules

K
0.0300AY 4,
1576 m/s (
d. How would the effusion rates of ethane and methane 0 500 100 ] =
compare, if both are at 400. K? (methane is CH,) i ;;_:i) 2000 2500

Methane hao- a lowe molar mass So wi

ethone : 30.0694 Fmrle Lo + +e
Yhone * 1b.oy2l 3/msle have afaok? Sperd at 4 given Hmp, So
m¢ Ib.oM26 2/md methene will have a P\A‘W/‘é%ﬂm raf¢.

Cery = ql DDEA = | 3.4 Y ; )
‘ immte is 1.3
Ycarle lb.o4 26 méthone's € £9) hme ‘7(@.}(7
9. A flask contains 100. g of Xenon and 100. g of Krypton (and no other gases) at room temperature.

The total pressure in the flask is 550. mmHg.
a. Without doing any math yet, which gas should be present at a higher partial pressure? Why? m ove

Ye: 13l amn since Kr hao o spallly molar 1 :
Ke:84 amu MDWU‘FfMMM JDDj Xe. Se \Kr‘J pﬂf"]‘é P/!.SSM’(LU///

b. Without doing any math yet, which gas should have a hi cher average kinetic energy? Why? ‘\ Lt g 7 (a‘/é .
They hve the [Same_avg . Kinehc en¢qyl. Both are atwomdemp.
& Hemp 1S The Same, KFinehe €471 e are Same.

c¢. Calculate the partial pressure of each gas.

(100.9 xe)[__l_ﬂﬂe_) = 076165 mieXe Wy = M2 = 04104

JE] zqu 9 1.9S 4996
/po.9 K Imdle \ - 119335 mole Kr _ ) s
o F1bs+119335 = 1954990 mols P07 [Pyr= 33, wmdlyl  Pye= 5502

d. Another flask contains ethanol gas at a partial pressure of 24 mmHg, diethyl ether at a partial pressure of 400 _
mmHg, and propane at a partial pressure of 227 mmHg. Calculate the mole fraction of propane in this mixture.

PromaL Petaned + Pm+ Pf"'rant = (ll—l+ L)DO.*ZZ?)Mn-Hj = éSIMmHj

@ofme = Fom* Xpﬂrane In othir words, sne 3% of
the pressue 1S caused by propane
2 5 P

227 MmHg = 65| mm Hj y Xpmpm wdes) 3u4.9 Y, fre. Mpl2anls
1 fl""i’“"@" 0,349 1]\ MUST e propane !




10. 2 H,Oy5) - > 2 H,0y + Oy LODM U.f \/P @ 35' 06 . q Z.z WlmHg .

a. If 2.00 grams of hydrogen peroxide decompose, and the oxygen produced is collected by water displacement at 36’ 35
°C and a room pressure of 748 mmHg, what volume of gas will be collected?

Promy = VP = 748 mmHg - 42.Zmukg = 7058 mmHyg

Amdle  \ [/ imole O N

y = QE_T - (-019339)(032‘;3)( 308K) . p.80049 L
P (705'%/760- ah")

b. What was the mole fraction of oxygen in the gas that was collected?

= Prome on

XO’J, - Poz - T105.3 MNHQ
PTUTHL 7‘*9 ranj

c. Household hydrogen peroxide is typically about 0.88 Molar H,0,.
If 250. mL of this peroxide solution decomposed completely (so that all the H,0, solute has reacted), what volume of
gas should be collected? Assume the oxygen gas is collected by water displacement at 60. °C at a room pressure of 1.00

- VP at 60.9C = 149, 4 meH
(0'88 mﬁ_lg )(0-250’-) = 0.22 miles H1 02 P 1o KGE, ety

_!.’1".2'59_5 = Ollmole 02 P = F60. matg—149.4 ma
(0.12 milew He 0, )(Zmu Hw:.) g:l : l.lo.(pjmma—tj 9

\ = NRT - Q:nm:téifmllmdz)f333“)- 3343 |37 )
. (458 oy (o 3F00mL)

11. A gas with empirical formula CH, has an effusion rate that is 71% as high as nitrogen’s effusion rate at the same
temp. Find the molar mass and molecular formula of the gas.

2 \rli\m ,,Ezsmau' 28034 = (4}
Mx rN’l N[)t
M= 29 {56 Ihe]  sont -
Cy: ompin cad masS s 221U amu . L”C”?):@




12. Another gas with the empirical formula CH, has a density of 3.02 g/L at 100 °C and 1.1 atm.

Find the molar mass and the molecular formula of the gas. \ or: aSSume 50“ kau{’ l
/Kfumg we have Imole ﬁfgjdd ; N of gus. solve fwr  any

3 La get . 03592 moles
V Q&T-,- (1 mole)(.082) Md-l)B}_ﬂl) - 278391 covtespordote | Lt
P 1 atm oCCuP\edlj \ LB'DZ’/") - U9

lwole gao  \ _[oasaimi/L) e

3029 \/27%3%L \ . oy
282 ) (B2 ) W e blcH) s

13. _Ceriu‘m sulfate dil}ydrz}te is a solid with a heat of solution of -80 kl/mole. Cez [ Sol‘) s ZH'LO
Sodium nitrate is a solid with a heat of solution of 20 kJ/mole. NaNO 3
(Both values are for forming an aqueous solution; the compounds are dissolving into water.)

a. Which substance be more soluble into water as temperature of water increases, and which will be more soluble into

water as temperature decreases? Celgoq) 3" 1H10 will M
2’)‘”"9 Wi ét_’;&M_SDMQ Soluble as Femp decreasto.

R LT Jen DWM, E)MAMHISJ;::@ iFhao a negahve (ocs) Btsaln, s
' Noeds hegtote Asolve. It must rel eade heotto dissalve,

b. If cerium sulfate dihydrate crystals at room temperature are added to water at room temperature,
will the water temperature increase or decrease as the crystals dissolve?

The crystads Wil Yekise heat, So +ie 0 will absob heat,
so” tho empomriwe will [Increase. |

¢. If sodium nitrate crystals at room temperature are added to water at room temperature,
will the water temperature increase or decrease as the crystals dissolve?

The cystals, absorb heat, so the Heo will relcaae heal
will
5o the Hop Hmp ,,o,u|dec{m¢€_

d. A substance’s AH,, ., is determined by AHy,er, AHgye, and AH .
For each AH term, Explain what process is happening on a molecular/atomic level, and whether the term is exothermic
or endothermic, and why. Use sodium nitrate as an example.

OHsolv : hve oML, Thas involves Hzo mol€ ad & sfpa.sh’ fom
ohvent z:s(;\ph\e/re'?:m&h“;nom 0 o phe Jolutbe Paf‘hll“- Since +he ;-?7_0

are atiacked 4o each othr, Cnéqy is needed (must
ke by tho) To SEpaate thom fam cachethtr,
AT v Jociphemic . This Tavelves Natiad NOs™ ons
el P”S-‘h‘fic?ﬂdz?:f;:;h o”\lr' sp the sold Can d—is.fb)w,
g 7 .
S'ﬁiz\“‘]“w e aﬂmdtd'fo \?ﬁd‘mrl -ﬂsej mustinCréase
(aw’woflnﬂﬁnfﬂ o ff_ Ffpﬂ’ﬁ*—*fr‘ ;'B" ]_e_m fi"‘__ﬂf .
N neja'h\"‘-’-/-é’ xothemic, Thismvelves the Solvert (D) and
s \ute prhdes| Noa* o Nos") mixing 10 ) S0 each ion 1% su’rovnded
es b WMnleMm Sinte 10 o4 IS e g thacled o
bl other AnY (elcaae polerhal £1€gy a0 ¥hey get (laSeo eachohhy,

e. Based on the value of sodium nitrate’s AH_, ., (given above part (a)), how do the AHy,en, AHgoue, and AH
compare in magnitude? (how do they compare to each other?)

— Si AH is posrhve, mole €néqy,s absobed
AH= +20 KT /mole ince z’p b P M1 5 I

o |BHmx| > | BHaolule| + | DrAsdvent




14a. Sketch a graph showing gas pressure vs. volume,
assuming that the temperature and moles of gas are constant. P

b. Is this a direct or inverse relationship?
INVERSE

c. Sketch a graph showing gas pressure vs temperature,
assuming that the volume and moles of gas are constant.

d. Is this a direct or inverse relationship?

DIRECT 7

e. Explain, in terms of kinetic theory, why gas pressure increases/decreases as temperature increases.
(when moles and volume are constant).

As temperature [nCleses, the fas mole ades Inclegae Baheh ¢
enefﬂ; mb\ﬂbwl-?.? will be Mw-mj Fn.sfer.

Jaos presswe iS Caused by collisims & mple cles.

So an the molecules /ncrease speed, they will collide
more frequently i a gven swfae, and they will
collide wikh more force per collision (thefasterthey
Ne moving, The more foree ey muSF push off " wikh,

to Choange direction ). so Since Fhe molécules
collide move -petiuﬂ-t'{‘f] ond with more foze. pLr }U"',
-Mey wiell exet moce ?o/fsswa!




