GASES AP Chemistry

1. Properties of the states of matter:

Shape/Volume:

SOLID

LIQUID _

GAS

definite shape and volume

definite volume, no definite shape

no definite shape or volume

Compressibility:

only slightly compressible

only slightly compressible

A LD
highly compressible = K

Density:

med/high density

med/high density

low density

Movement, speed,

distance:

close together, only vibrational
movement

particles can slide past each other,

still limited movement

particles are FAR apart from
each other

2. What factors decide what phase - liquid, gas or solid - something will be?
a. Tk 2 hvoae

- is a measure of the average kinetic energy in a substance.

1. Kinetic Energy - da(:‘%‘y-(’"v{' o WS s mad ueloo Y (KE=12mv2)

* The greater the temperature, the 4 pea Ll . the KE (the faster particles are moving)
* Any two gases at the same temperature will have the S e aVk. KE.

** IF temp was the ONLY factor, EVERYTHING would be in the same phase at room temp....

b. DL\ YStiLa L ?VUKS/"J - are determined by the strength of attractive forces.

1. Solids = particles are held together by S o i}/ attractive forces
2. Liquids = particles are held together by wealee p attractive forces
3. Gases = particles are held together by wenrled T attractive forces

3. Boiling points are an indication of the strength of attractive forces.

/MV\- ;,Lt’/\_

- The higher the boiling point, the the attractive forces.

Q: Why are “salts” solids at room temp? L tn a(, boodls ( (afico sz’n.w\ rtoms ane 5;;;: (
Q: Why are noble gases gases monatomic? Dot ./uze& —Fo \a v lQ l ™ mzL $$ . Tia ’
. Wo (s :;:D - : ‘><;.I,- e Lk:\rj/u /,{d—{
1. Measuring Gases: S sy -

a. Amount of Gas (n): measuredin ___ Wol€ S TS 107 ¢ et e é
b. Volume (V): Measuredin _ (v’ ¢ bk A e a§v!© (1L= (ocovomtbL oL ) '
c¢. Temperature (T): measure in Kelvin TK) = 112,15 + e~ .. = T/ ?.’)

“d. Pressure (P): measured in psh Mo.,%l,\x.ew ) .

P u’v\’F‘
g ow



2. PRESSURE
a. Define as +ofuf, (‘J/‘L ULt AT : i
**b. is created as a result of COLLISIONS of particles/ unit of area. /o

rd
i

- Gas particles are in constant random motion. They exert pressure on any surface with

which they come in contact with. -~ Il
[ %7 "'\
3. ATMOSPHERIC PRESSURE \ A7 ke N\
Y. 2l .
a. pressure exerted by Earth’s atmosphere. " T ppiumes
& "“° -b. “The air is thinner in Denver.” Why? What does this mean? ' [£5S
{ J . c. Usea D an oAl e to measure atmospheric pressure. ' F J“
Q_) AT
>L*/ *Standard atmospheric pressure = 760 mmHg = 1 atm = 760 torr = 101,325 Pa = )

101.325 kPa = 14.71 Ib/in? = 1.01325 bar = 1013.25 millibar (one pascal = 1.0 N/m2)
*** Be sure you can do conversions from one pressure unit to another!!!!

d. DEMO?’s.....illustrations of atmospheric pressure!

(vl Ar<
4.- MANOMETERS Sy
a. A device used to measure the pressures of gases other than the atmospheric. PVAPS OTT Lot

1. Which vessel contains gas w/P > than
atmospheric?
2. Which vessel contains gas w/P < than
atmospheric?

3. What would happen in B if the apparatus
were carried to the top of a high mountain?

4. Calculate the Pgas in C? Assume Patm = 760



2. PRESSURE

a. Define as

_**b. is created as a result of COLLISIONS of particles/ unit of area.

- Gas particles are in constant random motion. They exert pressure on any surface with
which they come in contact with.

3. ATMOSPHERIC PRESSURE
a. pressure exerted by Earth’s atmosphere.

b. “The air is thinner in Denver.” Why? What does this mean?
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to measure atmospheric pressure.

*Standard atmospheric pressure = 760 mmHg = 1 atm = 760 torr = 101,325 Pa =

101.325 kPa = 14.71 Ib/in2 = 1.01325 bar = 1013.25 millibar (one pascal = 1.0 N/m2)
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d. DEMO’s.....illustrations of atmospheric pressure!

4. MANOMETERS

a. A device used to me ¢ pressures of gases other than the atmospheric.

1. Which vessel contains gas w/P > than
atmospheric?
2. Which vessel contains gas w/P < than
atmospheric?
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4. Calculate the Pgas in C? Assume Patm = 760




NOTES #36 THE GAS LAWS: Draw Experimental apparatus here|:
i. BOYLE’S LAW: i) . e
Low 2 & LY SR }ﬁ

} i e P \
The Pressure - Volume Relationship ol T - M ik P e ; 27

a. The volume of a given amount of gas at constant temperature is el 4
proportional to,the pressgee:fplled to the gas. In other words, as pressure INCREASES, v,

volume oL iy I p=
/o P__or__oft U""

c. Rearranging yields a mathematical statement of Boyle’s Law. V D k‘ f’é‘ ¢ W\‘S‘r”" 1)
The product of P x V is a constant for a fixed amount of gas at constant temperature. Take a look .

le
e
iy

b. Mathematically, we can write this law two ways:

Trials #1 #2 #3 #4 _#5 #6
P(mmHqg) 724 869 951 998 1230 1893
V (liters) 1.50 1.33 1.22 1.16 0.94 0.61

PxV 1090 1160 1160 1200 1200 1100

d. For changes in pressure from P1to P2, we can apply Boyle’s Law. Since the product PxVisa
constant, its value at the initial pressure, P1, and its volume, V1, will EQUAL P x V at the final pressure, .~ /.
P2, and the fmal volume, V2.

/.

e S _. /
iP1V1 = P2V2lwhen I/Vlu{f":' ( o ) &[4 GO 1 \ are held constant. /" =71
e 7 \

Il. CHARLES'S LAW: The Temperature - Volume Relationship  \/ot [ ¢ ¢ & T
a. At constant pressure and moljejhe volume of a gas is directly proportional to its absolute <
temperature in units of . V!
50) P -
b. Mathematically, we can express this as: _ Ti
Vi — V'L- 40 P2
—er ekt — A
T3 T "
Ty L. V({mL) 3o P3
c. Rearranging, we get another form of Charles’s Law, /
20 -273.15°C 5 P4
=T Va . Since V/T is equal to a / L /
constant, then V1/T1 at an initial temperature, T1, 10 2
and volume, V1, will be equal to V2/T2 at a final | Je=™"
temperature, T2, and volume, V2. 0 300 -200 -100 O 100 200 300 400

Temperature °C
d. Charles’s Law allowed for the prediction of r o
ABSOLUTE ZERO, the temperature at which ALL Wﬂf_’fcu Ae Motian

B O¥. KE=O
1. AVOGADRO ‘5 LAW: The Volume - AmountRe.‘?ionshfp

\v/ SO
|"/1":l« Vi L on Yiiny = VIM
a. At the sarhe temperature and pressure, equal volumes of ANY gas contain the S e -
number of molecules (or moles). In other words, the volume of gasis __ )« ¢ () 3 e chA,L
to the number of moles present.

stops. Look above!?

VvV F K

b. It's been found %at 7 mole of ANY gas at STP (standard temperature and pressure) will occupy a

volume of {f .. < Thicisa very useful conversion. If you know the volume of a gas (x),

after correcting for the temperature and pressure (STP), the moles can be determined: i

c. STP = Standard Temperature and Pressure: (, 0O atm | _xliters =~ = moles
22.41 L/mol

"})u}:

K or . {3
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IV. GAY-LUSSAC’S LAW: The Temperature - Pressure Relationship v, -—f;r i I‘f
: 2
a. Asthe abfeiqte temperature of 3 gas is increased its pressure will increase in a manner that is ' F2
Am.&c 1 proportional to the temperature. This is true as long as the volume and amount
of moles are held constant. ‘ﬂ Pr = TP

b. Upon heating, the kinetic energy of the surroundings is transferred the gas in the container.
Remember, KE(ave) = Temperature, so if T, KE?. If KE 1, then velocity 1, due to KE = 1/2mv>.
As the molecules travel with greater velocities, they will exert greater collision forces on the inner
surface of the container. Since — Pressure = Force/Area, T} « P1.

Gas Laws - a molecular level. £ 1 Lussk C /
S.L

Scenario#1 Temperature - Pressure Relationships  [Must keep [/L & \/ constant]

« - 25°%C * i # IOOC. w @ A sample of gas was heated from 25°C to

s o . o ¢ . s | 200°C.

¢« » 2 4 1. What will happen to the pressure exerted
_ by this gas?

i s ) "V\C/
a ' o ¢ 2. Explain how each of the following factors
° does or does not contribute to the pressure
. change that occurs when the temperature

increases.
a) Collisions per unit time T (o {'!L-_‘JL) vT
b) Energy per collision twereade TP m YV sundntas
c) Number of particles per unit volume.

SAARE \/ -T'
Scenario #2 Pressure & # of Particles [Must keep & constant]
1mole « _ |** s 3moles * « *| Acontainerinitially holds 1 mole of gas and
e, Y%, . % ¢ e ¢+ | then 2 additional moles are added.
. . Y, . s ¢ ° "4 I 1. Whatwill happen to the pressure exerted
«: * c |e 2 I by this gas?
8 . " . v o ¥ ¢ v @ i Al Cé\/’;—-&?
o 4 g< » . * . °® # 5| 2. Explain how each of the following factors
. o " : ¢+, "+ | doesordoes not contribute to the pressure
s 5 P e 210 8 o ° s+ | change that occurs when the temperature
e S increases.

LA\
a) Collisions per unit time | P —---}
b) Energy per collision 5%+ 15 Tt Shwe (e » ke

¢) Number of particles per unit volume. pp 4 fsr ¢t (moac )

. Z ‘13!)“‘ <3 ) ) _._,_,.r_
Scenario Pressure - Volume Relationships [Must keep N & constant]
., o 2Liters 4 |, 1Liter , | Asample of gas was initially in a 2 liter container and
¢ s 9 . o then the volume was reduced to 1 liter.
° . .. v 1. What will happen to the pressure exerted by this gas?
0 . 2 ° e v 00 1la COLRLE
L3
® . T o * s« ' 2 | 2 Explain how each of the following factors does or does
¢ % . A > not contribute to the pressure change that occurs when
o * 8 e | the temperature increases.
L & 3 o
a) Collisions per unit time 7' @ — s DGz d Lot (s Ay,
b) Energy per collision Spw—t Ttwpo K& Shue e 3 Rt gﬁ“&: =

<) Number of particles per unit volume. A
imeveesta TP



NoteS # 4%+

GAS LAWS: AP CHEM
THE IDEAL GAS EQUATION, R, AND APPLICATIONS
dstorically, the research of three scientists led to the relationships between four variables, P, V, T and n &
By holding two variables constant these scientists displayed how the remaining two variables affect each other b,-‘:ﬁ!r
5 \/ ' (e "
BOYLE'S LAW: x_ P (constant n, T) 5, L
’\7 g
CHARLE'S LAW: \/ oC T (constant n, P)
e _ 4 N -
AVOGADRO’'S LAW: o (constant P, T)
We can combine these relationships to make a more general gas law
V< nT/P R, the proportionality constant V= R(nT/P) The values for R are
it relates these units together: 0.0821 L-atm/mol -K or
8.314 J/mol-K
L= Pv _ tooaiw THHL 6 vt “ ,
T Rearranging the equation leads us to the familiar ideal gas equation i S (S
V‘T f‘uu.‘-»i'l?sz £ing q q %‘,‘,_}”’{ Lo/gb e
5 3
PV = nRT Lo Ll vate " e ilbi'}l.‘fpa'. lM/v\-l
et 2 r il FP-:
p— % B _
APPLICATIONS: A % = E3TS w
AS DENSITY AND MOLAR MASS SO S =]
Gas density has the units of mass per unit volume. Rearranging the ideal gas equation leads to a new equation revealing mol/vol. i
n/V=P/RT (units are mol/L) o w
vae et
We can multiply both sides of the equation by M, molar mass (the number of grams in 1 mol of substance). :1‘;{-“
(@ 2
nM/V = PMIRT i . J 7/-[/ w’“
p— - ‘ £
What are the units for the left side of the equation? I?/« - L That’s density! Mlutleis
A new cquation could be

d = PM/RT

I'o find the molar mass if the density is known, simply rearrange the above equation

M= dRT/P
Ex 1: What is the density of carbon tetrachloride vapor at 714 torr and 125°C?

d =

(71&4 M >Kl5‘ p,/ e r)u::rj( fk)g @( /; ) )
0. 0% am/m < (3966€)
Ex 2: Calculate the average molar mass of dry air if it has a density of 1.17 g/L at 21°C and 740.0 torr
M = (DG oen Lemn /i) (a0t
T /:—)“(:{ ()”4‘* rr oy

2}?.{7;'
~ lﬁ‘ /,r’{,-f)"*.r“/')

i
L
£ |
N






Applications cont.
GAS MIXTURES, PARTIAL PRESSURES and MOLE FRACTIONS
Gas mixtures and partial pressures:

John Dalton (remember him from atomic theory?) observed that the total pressure exerted by a mixtu}é-\of gases is equal to
the sum of the pressures that each gas would exert if it were present alone,

\
This is referred to as Dalton’s Law of Partial Pressures: %
\
Pt=P1+P2+P3+....
Each of these gases is subject to the gas laws and behaves independently.
So, P, = n(RT/V). This applies to all of the gases in a mixture. . . . P=(, +n,+n;+...)RT/V or =n(RT/V)

=  Mole Fractions:
It is then reasonable to assume that a gas behaves as a portion of the whole based on its presence in moles.

-l-)-l-.. ulm - I
P, = nRT/V = n,

n,/n, is called the mole fraction of the gas. The symbol X, will be used to designate this. The mole fraction is a dimensionless number
used to represent a percentage as a decimal.

P, = (n/n)P, = XP,

Ex 3: Airis 78% nitrogen gas (the mole fraction of nitrogen is 0.78). If the pressure is 1.00 atm, what is the partial pressure of

nilrogcn in torr?
P Nq = X!"{'LD %
Pu, = 078(leoabY(2eotrr ™ 46070, ,

PR/ ST

Ex 4: When mountain climbing, the thin air soon reveals a lack of oxygen. What is the partial pressure of oxygen at the summit of
Mount Everest (mm of Hg) when the total pressure is 338.6 millibars. Assume the oxygen content is 21%.

?ﬁf’ ) & g o't(_ p’f) = CO L l)<3386 MI?)’Y%%?—, h K_’M,“ll:%

L

Ex 5: What is the partial pressure of oxygen (mm of Hg) at STP? Still assume 21% oxygen.

PP, = Xea (07) = (0. 11)1 babm) Tbommby _

"'—-—-'_“
f«‘)a'tn.,

160 »n)

“TAGRAM FOR COLLECTING GASSES OVER WATER:
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. AVOGADRO’S LAW

GAS LAWS SUMMARY
: Ap Chemistry

. BOYLE’S LAW

- P1V1=P2Vp * when n and T are constant J
-AsP ,V (indirectly proportional)

CHARLES’S LAW

v A
-ﬂ = _Y_% * when n and P are constant
)
Gis
Ee

1T T2
- AsT , V (directly proportional)
- Temperature ALWAYS has to be in Kelvin!! T(K) = T(°C) + 273

+ Part C"’\f'}“ﬂ'}'
- 1 mole of any gas at STP takes up a volume of 22.4 L. N 4 ("Jl‘m T )

- STP = standard temperature and pressure = 1 atm and 273 K or 0°C

. IDEAL GAS LAW EQUATION (combines Boyle’s and Charles’s iaw)

- PV =nRT
- Temperature has to be in Kelvin
- R=0.0821 atm-L/ K-mol

COMBINED GAS LAW ‘
- P1V1 = P2V ke n 0 W Cﬂ\f'!'mrﬂ
Ti T2

- Temperature has to be in Kelvin

GAS LAW EXTENSIONS (Incorporating molar mass and density of a gas)
- Density = Ei}_ = PM
\Y RT
- MM = molar mass of gas (grams/mol), m = mass of gas (grams)

- Also remember, Dof gas= massofgas and MM (molar mass of gas)= mass of gas

Volume of gas moles of gas
7. GAS STOICH
moles of > moles of
given unknown e
: V=n
A 7 —}g“:%" min XD
mm. (,ﬁ-;-a'?g) waﬁﬂ’) “1_15‘;_;-) (not «t STY)
grams volume grams | volume
of given of given unknown unknown
8. DALTON’S LAW OF PARTIAL PRESSURE 7 oles
- PToal=PA = PB + PC + ... and Mole Fraction = Xy = 'an = Pa
8T Gai

Dtotal Ptotal

Yam L £



n n-' 1 as Zaw Calculations
[/54’-'“*4’. combived qa s i

1. A 5.00 L container is filled with N, (,, to a pressure of 3.00 atm at 250 °C. What would be the
resultant volume of a container that is used to store the same gas at STP?

P;__}’_J— _BVa poopete(500) .09 ot (V2)
L1 T2 595 ¢ 3 Y0/
[N

V. . 6’2 L. lm
?m’{-\ T \ "{ 4 )
2. Calculate the volume (in liters) occupled by7.40g0fCOz@STP. Use f\vi%ﬁf«\’-ﬂ'f"s Lavs
“T.40a (_D"r 7§ (ww'a :’_',ch _ 0.16%9 '--\M’;C*-': % 22.41L

s O = _

Ly b’i‘b_rafb 2 1 W b{ ?{{ < -g' 1?_..5:_1
o PVZueT (65t0)
v = v kT

3. MolarMass/Density Calculations! @pmpane is used as a general anesthetic. It has a molar
mass of 42.0 grams. What is the density of cyclopropane gas at 25.0 °C and 1.02 atm?

- i) & 4 (..l‘ . y 3 : 4
MM - L.[Q.J,Pj [ L-'Vii"' -1 V" [h //}f' "'!"_J,"’Zl ._,\I_._',,}{_‘\{ ?C{‘H._x_d;,\
(=7 -- ‘
T-15°C DMKy 2] DA (Lo a3
p=1 D ATAA = 2599 L
!b\ﬂ_‘fi“: - Y2049
n= | vwolx (JJ s A= - ﬁ
=2 ok
4. A compound.contains 11.79% C, 69.57% Cl, and 18.64% F EO = [ 75‘ / L\
—~ A) Find the empirical formula s
f,}D B) If 0.107 g of the compound fills a@58 mbﬂask at25 "C with a pressure of 21.33 mmHg,(- e fv_uﬁ
\ what is the molecular formula? @ OV = 1 T n=vv
N1ey ¢ € T = 480F A LW o | 3 o
) 1. L A% __(, ! o (,C) \a)a-% rt ( '-:L) _ L]
i & 51,5 - 1.962 n 20w ol f és_f_uil,ﬁ'* . L)—)___))(|{;l‘v
e T ' - - ) { L DR VAs g6 1
“2"{"“__ - % = 1.0 mrf !
"F’:H- "‘“,7 1900 Lo = ! 0% 4 - 2 L v f o
[ceLFf | x | M=y =20
e T AR 1 (VI 1) 2 e | EASYI0 vur] bie Tht €mp
! L W\ kj ! i
M "‘J| - ;D, ("p .2 /e ! m&

5. What volume of N2 gas at 720 torr and 23 °Cis requlred to reapt with 7.35 L of H, gas at the-sarie

temperature and pressure?
—ulibau-csn’ﬁﬂp N2 4 '?7‘-?4'2,,‘"""“«’ —) "J")‘.,“,
R VIS 2
s R Tt Y2
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. Kinetic Molecular Theory of Gases: |

Kinetic Molecular Theory

a. What are the 4 assumpuons made by this theory‘?

Volume A :( S q st

I S

kl.) Vs b X
Otlon y

{ ( \(l ‘ '\."__’
3. At!ractwe forces

N O

Ap Chemistry
Tl €S st e ..-'\\ll (. RS ERVA L EVAV SN S \’)/( 5{‘: HOSC D LT R el AT
:-..'_. AL (:) -
ALY (_, P PN R - ColliS ons A gt -t if =iy =
A 4o AL p e T Ly
LA L i / i ¢ Ay ) /_M-ﬂ—-.-,._ ;

* 4. Kinetic Energy: 'I‘he average KE of gas pa:ncles is propomonal to the absolute temperature
- ANY TWO GASES AT THE SAME TEMPERATURE WILL HAVE Tl{E S AME AVE. KE.

b. - Be able 1o explain each of the gas laws in terms of Kinetic Molecular Theory (refer to pages 181-182). €x -

\—2)7,0\1’06 &
II. Kinetic Energy: Let’s look at equation for KE. /d e P o Ty
T
e ..L e i f\s ¥ 124
= 1/2 mvz........or (more accurately)....]..KE= 2 WM N
: s
1 o (] (‘ L l . 0‘1\’-‘:_.{/
a u=_WMeawn Shynied / - average of the square of the speeds of al the molecules T 4
o
" < . YV gl
** b, KE depends on both the M & 5SS and the A4 & i‘,i CL ALY of particles. e o
. X L\l .
1. Just because the average KE and speed of each molecule is the same at constsnt T, at any one instant, are all the molecules
moving at that speed? Why or why not?? o, : s = b e e
D/ gty e pia B : £ W B e Lo
1 L 1 . ¥ M _ v . Y W
b Lo s way JLaly VD of Slaw éf Lwin k—:w‘”‘-" oS Ay He 22 ) ™
- Wecanuse a Mﬂmlljp_cs_d_dummnmmg to show the # of gas molecules moving at certain speeds. : \A T
273 . ,
#* Ag T \ A LAS-Y molecular speed [ cv {2 e
N, As T [n A L5v Fmolecular speed becomes m
variable. Why???
Molecnteg

LAk o ; gt e (l e S & ry

nolecudor s

2. Let’s say we are talking about TWO gases at the same temperature. Because they are at the same T, they should have the

- - I T T
Ly § e /& Ly i
\ ¢ )
raedl

but do their molecules travel at the same average speed‘?? Why or why net???

same Q-G L'_ LAl
.'

L= M -y A Lo Nl R T T, = .‘ <

N D, 'g i 1 A &L g2 L I'} L ,-". VAL 7 of WAL BTy -

b

. ‘ N \
\_1\".-..-'l (w ii_ I 3P4 0] tl] =N ARV 4] &...J'“'.-' {,‘ f('rm;{_ﬁu")ﬂﬂi J‘I"ﬁa'dﬁ\)%-

** Thinking back to the difﬁﬁmn derflo, whlch gas, NH3 or HCI had molecules moving faster??? (VASE

III. Determining the speed of gas particles: We can quantitatively estimate the speed of particles by calculating an

average molecular speed or a root-mean-square (rms) speed (uprms).

a. How do we derive Urms?'? Equalize and mampulate the following two equations: (refcrw'pgm_

Lg%

1 S

AN .

’kE per molecule = 1/2 mu KE per mole = 3/2 RT /W»bl {’ :

3RT M= metac Mass L %/m,e)
M A o ,- JLE (e /—~c

Urms =




s = T 0l BF L B o ot s s 5
o | ’S = kg V‘”t J g x e e i b 0\ = B. Tl @
S - 1 _-'—"'-'-H o #% rt
,—j—é':b 7 P A l L Vo= . " EE "':""'—
[ P AM 2l ‘i"" < C Q}\) > s
b. Ym‘f\ want Urmyg in m/s. In order to do this R has to be in units of J/mokK and molar mass has to be in units of :
W E
kg/mol. R = 8.314 J/mol-K (derivation in AppendixZof book)
| _S = kK ‘f0- ey
< z : K9 ' 364G
o (L6537t % Toou., ol
ex. Compare quantitatively the root-mean-square speeds (in m/s) of NH3 and HCI gas molecules at 25 C.
T T N s i e\ e
B b LILT - | el IR R O £ 1 o o (e
'\_JJ' Vi L B S Y (- v U woEmInE } - bt o (plod] il
' M ‘) = - 3 s \l-q;.":'\ D
s o -} W t} ‘;1"-.. e ) g o
] : R S — i
Gl/ i 2 o0 ,.‘; el J/Sii_,f s |BL%DW BT 298)  ~ 4& o g
} LT - - A o Z ety Col
/ <€ ok ; / ! C/ - .—"f/l i -
IV. Gas Diffusion: Refers to the gradual mixing of gas molecules. Diffusion always proceeds from a region of g

concentration to a region of \ 6w/ concentration. Looking at the molecular speeds from above, one would expect
molecules to mix quickly. However, this in NOT the case....why?
.f’ ¥ ( . T 1 vy J’ 'a s yu Y "1 T 4 b o _r |78 é kv e sl e e
. s . d

a. The relative rates of diffusion can be calculated by comparing Urms values:

X Rate of Diffusion for gas 1 oy ---.-_'.'.;'__' :W-!,j?’sunphfy! [ ‘J//"”t,.f_

= — . am—— T T
P Rate of Diffusion for gas 2 - ol e
\ g . Bas R “5;!“?11 ( ¥ 1"‘1
2

' L]
b. Thisiscalled (— v/ VA WAS L&. v/

EX: The diffusion rate of an unknown gas is measured and found to be 31.50mL/min. Under identical experimental conditions,
the diffusion rate of 07 is found to be 30.50 mL/min. If the chmces are CHg4, CO, NO, and COz, what is the identity of the

] v—'-""""- st
own gas? (_ ATASE it ’ vy v e I E "'H:_ T
i % y\ o l / —L N - S RS Y ’ “f’ S _ J 2,72 (\) ," VN
e " : - — _"_______________ ________ —
( ‘: N i’ S—/‘
LI s ) O
(vt 3 t.(‘"ﬁl- &, : vl R [
- .o ,L_,_..-.L“:> ._:.{:' . ) 2 , . ~
“.r' r'.-"_{_."'.' I ket L e ” -_—_'r\.u{_; =G4 M, 553 5 P ©Or 3 Ir ) / /'\‘\.’..JI L/
J[ | c -\ALf Ve i Vo t i s ] o o 3

** With the diffusion, the above calculation is only a pred’rctmn Because of all the collisions with air, the actual rates of
diffusion are much more complex to determine.

V. Gas Effusion: refers to the passage of a gas through a tiny hole in an evacuated chamber. The same relationship to molar
mass applies as above.

** Unlike diffusion, determination of the rates of effusion are much mere precise as this transfer of gas « occurs in a vacuum
where there are no air molecules to interfere.

EX: Calculate the ratio of the effusion rates of hydrogen gas and uranium hexafluoride (UFg), a gas used in the enrichment process
to produee fuel for nuclear reactors. (M of UFg is 352.02 g‘mol)
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notes # 27
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Ap Chemistry

A. Whatis IDEAL - gas behavior? Think of assumptions from KMT....
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* Most real gases behave “ideally” but not under A

likely exhibit NON-IDEAL BEHAVIOR???
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B. Dutch physicist, J.D. van der Waal, designed a new P¥—QRT equatmn which takes into account non-ideal
behavior: AL 085

P + an2!V2 Y(V - nb)
P

= nRT
= nRT

- How does thxs “van der Waal’s” Eq correct for non—xdeal behavior? Ll L pan |

- A2 S T H (L ,1"' i A I"~‘. Ll i wi e & ‘_ L \

1. PRESSURE CORRECT ION: When attract;ve forces are present pressure will be LOWER than
expected. Why? “h.i"‘fum\f. 2 Q“"\ ARG L 5{ e e, E
. 1" ; i : f L NET ) / fiad .:"' # S0 / Iag o A T

So, to increase the pressure to what it should be ideally, use the an2/V2 correction
factor!!

o
i Q:lmb'l-"j
Gas
toy, ; -’f',,,‘}:'
a = measure of Pt 4yl VA Ch

He 0.034
; experimentally determined. | Hz 0244

N2 139
H20 546

* The lower the “a” value, the U

I
T v

the attractive forces.

02/V2 = related to {7

- .
w4

. Says that the attractive force goes o g ) with
concentration. The more partlcles per volume, the greater the likely hood for _|
forceful collisions.

{C

_.——--‘—-

2. VOLUME CORRECTION: V represents volume of container! Gas particles DO have a finite

volume. We must minus off the actual volume of gas particles to get true volume of container.
Use volume correction factor, (V - nb)

n=

b = a constant that is unique for every gas; it is proportional to Vo 6 AT 2
The more massive, usually, the

Gn b e+

. _the volume.

Y
Gas (L/I;n )
He 0.024
r

N2 0.040
CClg 0.138
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voluwe e tan
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C. Problems....
1. Which of the following would deviate the MOST from 1deal gas behavior? Explain your reasoning.

fr"' . 3 RV 4 A8 it
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b. He at 0°C and 5 / 5 .
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d. Heat400' and latm = —\’J ~p

2. The molar volume of i isopentane, C5H12, is 1.0 L at 5(13 K an@?i@v B

a. Does Isopentane behave as an ideal gas? /O |, (Ir
b. Given thata =17. O‘d"“ L and b=0.136 L/mol, calculate the pressure of isopentane as predlcted

by the van der Waal s equation and compare it to P predlcted by PV=nRT.
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For those who dare to enter the two chambers!

. Consider the apparatus below. When the stopcock (valve) is opened between the two
chambers and the gases are allowed to mix:

A) What is the resulting pressure in the vessel?

B) What is the mole fraction of the resulting gas mixture?

C) What is the partial pressure of the N, gas in mmHg?

D) If we inject 5.0 moles of an unknown inert gas. What is the resulting partial
pressure of N> in bars? (of course the temperature didn’t change).

( PR B vy ) e wend
K Joo\__ o
20L 30L
1.0 atm 2.0 atm
25°C 25°C

2. What is meant by the term-free mean path?
A given amount of ideal gas is placed in a piston and subjected to the following changes
(restrictions are noted). How is fmp affected by the following scenarios?

A) Increase density

B) Increase temperature at constant volume
C) Increase pressure at constant temperature
D) Increase volume at constant temperature
E) Size of the atoms
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2004 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

Answer EITHER Question 2 below OR Question 3 printed on page 8. Only one of these two questions will be

graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

2. Answer the following questions related to hydrocarbons.

(a) Determine the empirical formula of a hydrocarbon that contains 85.7 percent carbon by mass.

(b) The density of the hydrocarbon in part (a) is 2.0 g L™ at 50°C and 0.948 atm.
(i) Calculate the molar mass of the hydrocarbon.

(i) Determine the molecular formula of the hydrocarbon.

(c) Two flasks are connected by a stopcock as shown below. The 5.0 L flask contains CH, at a pressure of 3.0
atm, and the 1.0 L flask contains C,Hg at a pressure of 0.55 atm, Calculate the total pressure of the system
after the stopcock is opened. Assume that the temperature remains constant.

S50L 1.0L
3.0 atm 0.55 atm

(d) Octane, CgH,3(J), has a density of 0.703 g mL™! at 20°C. A 255 mL sample of CgH g4(I) measured at 20°C
reacts completely with excess oxygen as represented by the equation below.

2 CgHyg(D) + 25 04(g) — 16 CO,(g) + 18 H,0(g)

Calculate the total number of moles of gaseous products formed.

Copyright © 2004 by College Entrance Examination Board. All rights reserved,
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for AP students and parents).

GO ON TO THE NEXT PAGE.
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Your responses to the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations
may be included in your responses where appropriate. Specific answers are preferable to broad, diffuse responses.

Answer BOTH Question 5 below AND Question 6 on the next page. Both of these questions will be graded. The
Section II score weighting for these questions is 30 percent (15 percent each).

Collected Gas

Unknown Gas

5. A student performs an experiment to determine the molar mass of an unknown gas. A small amount of the pure
gas is released from a pressurized container and collected in a graduated tube over water at room temperature, as
shown in the diagram above. The collection tube containing the gas is allowed to stand for several minutes, and
its depth is adjusted until the water levels inside and outside the tube are the same. Assume that:

e the gas is not appreciably soluble in water

e the gas collected in the graduated tube and the water are in thermal equilibrium

 a barometer, a thermometer, an analytical balance, and a table of the equilibrium vapor pressure of water
at various temperatures are also available.

(a) Write the equation(s) needed to calculate the molar mass of the gas.
(b) List the measurements that must be made in order to calculate the molar mass of the gas.

(c) Explain the purpose of equalizing the water levels inside and outside the gas collection tube.

(d) The student determines the molar mass of the gas to be 64 g mol~!. Write the expression (set-up)
for calculating the percent error in the experimental value, assuming that the unknown gas is butane
(molar mass 58 g mol™'). Calculations are not required.

(e) If the student fails to use information from the table of the equilibrium vapor pressures of water in the
calculation, the calculated value for the molar mass of the unknown gas will be smaller than the actual value.
Explain.

GO ON TO THE NEXT PAGE
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Scoring Guidelines for Free-Response Question 5

(a)

(b)

(c)

(d)

(e)

OR,

OR,

Question 5
(8 points)

PV =nRT AND n=£, OR molar mass = ﬂ OR M=—-DR;T
M PV P

temperature, atmospheric pressure, volume of the gas, and mass of gas (mass of
pressurized container before and after releasing the gas)

Note: 1 point earned for any two of the above, 2 points earned for any three of them.

“The mass of the gas” is acceptable as a “measurement” for the 1% or 2% point.
Extraneous measurements (e.g., density, volume of liquid, etc.) are ignored. To

earn 3" point, “mass of pressurized container before and after releasing the gas”,
or “change in mass of container” must be indicated.

to equalize internal pressure with room pressure (atmospheric pressure), or the pressure(s)
will be the same.

- 6 6
gemor = 288 100% (or — x 100%, or —)
58 ¢ 58 58

Note: No points earned for generic response (e.g., Kexptt'h_ﬂ x 100 ),
€or.

or for —6%x 100 % . No penalty if “x 100%" is absent or if value (10%)

is not calculated.

Pressure will be larger, therefore number of moles will be larger

mass ;
molar mass = , therefore ¢alculated molar mass will be smaller

moles
M= -@;} (or M =%?: ), and the denominator, P¥, will be too large.
RT DRT .
Therefore, the value of the molar mass ( = n;’—V or T ) will be too small.

The pressure is larger, or the number of moles is larger, or since P01 = (Pyppnown — Pater)
we know that P, > P,iown -

Note: If n= % is missing in part (a) but present in part (e), 1 point is earned for part (a).

1pt

3 pts

1pt

1pt

1 pt
1 pt

2 pts

1 pt only
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Answers for which the appropriate work is not shown will receive no credit.

1. Methane can be used in the production of acetylene, according to the equation:
2CHy(9) > CoH, (9) + 3 H, (9)
A 50.0-L steel vessel, filled with CH, to a pressure of 10.0 atm at 25°C. is heated to 1600 K to crack CH, and
| produce C;H, a. Find the mass of C,H, that can be produced. Pvzun T

Nz PY = 1000ats (S0-00)  oiCoth 266 4 C2th
tar T ennitqep Aween, T ST, "7’(963 e

i

.. b. Find the pressure of the reactor at 1 600 K after the reactrofn is complete.

A 'V!r“"h"t'ga H- — L (VIR %) ‘7‘ v
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2. Benzaldehyde is a fragrant molecule used in artificial cherry flavoring. Combustion of 125 mg of a'f'lm /
benzaldehyde gives 363 mg of carbon dioxide and 63.7 mg of water. In another experiment, a 110-mg #7
sample is vaporized at 150°C in a 0.100-L bulb. The vapor produces a pressure of 274 torr. Determine the
molecular formula of benzaidehyde.

aylonp AL Jloglll (BORE 08 o 4wy 1257w

X oo = _ ¢ g — 444 v
Uy, o UB Vol € 61, Vmasll J 4 LA
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i =1 v =PV -, 3¢l 100) %0t

rw@ o I7c e (o = Selllen)
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3. Bronze is an alloy of copper and zinc. When a 5.73-g sample of bronze was treated with excess aqueous— L

HCl, 21.3 mg of H, was produced. Find the percentage by mass composition of the bronze.
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4. Calculate the molarities of all ions present in a solution made by mixing 150.0 mL of 2.00 x 102 M
-2
Ba(OH), solution with 100.0 mL of 5.00 x 102 M HCI solution. B @)E”DZ 5 14{’ - ?)m ( (2 } 2Hp -
v O i
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3. Cinnabar is an ore of mercury known to contain only Hg and S. When a 0.350-g sample is heated in

oxygen, the ore decomposes completely, giving 0.302 g of pure Hg metal. Find the emplrlca
cinnabar.

150 BT HHy o 00T mel

- "SQ'L 20” Jr”"e L{& S {S
b )

"ﬁ’(b \—i’% = ~0o0l5

6. CH4(9)+202(g)+C0;_(g)+2H0(| AH =-890.4 kJ /_ |

/ o C{.{—.’ ‘_*_ff_f'___'s___l )
Calculate how many grams of water are produced if enough CH, is oxidized to release 4452 kJ. ©50.4 B
<ol g Cd v 2 ol "’ho 16.024 He o
°? Lo oll VT/J]—“O (@OZ(H}&
L o | o gy \

9 e

7. Gases are sold and shipped in metal tanks under high pressure. A typical tank of compressed air has a
volume of 30.0 L and is pressurized to 15.0 atm at 298 K. What work had to be done in filling this tank?

[Hint: what volume did the air occupy before it was compressed?] | n, = PAV
N - IQJOA e \/ ) }\\/ = '1/{1 ,.\/ = 0 ou —"%?DL— _/\
W= —1§:0a m( L'{'LUL)[O[ 23 A’_B K = Qv
lL.A'Ln.._ 1{900:[ 36 '.nnf{ -7
YV = PV
Lovmpression 1S @) v\ = P22 lUso

8-9. A home swimming pool contains 155 m? of water. At the beginning of swimming season, the water 1”
must be heated from 20.0°C to 30.0°C.
a. Find the number of joules of heat energy that must be supplied.

AH = msAaT

; i 5 3 e \r ?
e I L. 13 10i0% = Liyqkio T
’ 7 . . . ]
m Ve -g”’ Foc / e b, 40,0237
b. If this energy is supplied by a natural gas heater with an 80% heat transfer efficiency, hwo many grams
of methane must be burned? [The heat of combustion of methane is -803 kJ/moI]
@p} W (o @)5{ loooJ & 6,"{19/00”3 b,440,000, 000 e weol C_;_;q
a ?j p b, - 10 OO
Ghe L '-“"O_ et / y Fb'osﬁ

/{kw‘

10-11. Use redg/techmques to balance the following equations:
a. AlH, + HiCo A3+ + CH;0H (basic medium)
b. Se + Cr(OH); & Cr + Se05% (basic)

<3 ) ) > ) )
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12. In a series of experiments, the U.S. Navy developed an undersea habitat. In one experiment, the mole
percent composition of the atmosphere in the undersea habitat was 79.0% He, 17.0% N, and 4.0% O,.
What will the partial pressure of each gas be when the habitat is 58 8 m below sea level, where the pressure

is 6.91 atm? )(H =740 XN"’”O Xo = 0.04 0

r(x)=0.  041tn(49) Vo= 54048 11(09 SPry

(A 010) = (P = [ahe>  (F 0 28atn

—

13. A mixture of KCI (s) and KCIO; (s) having a mass of 18. 17 g 'is heated to convert the KCIO; to KCl according tc
2 KCIO; (s) — 2 KCI (s)+ 3 O, (g). If the mixture has a mass of 12.62 g after heating, then what is the mass

percentage of KCIO; in the original mixture? A1~ waasS o 0= [og +4 ™
1B ( \
- 1261 . | &2 /(00
G550y twal0yAmal (g magsyvcioy 2 gkcley | BT
320040 Snal0y | vnol IR =Y KL

=76+
14-15. O O : O O QV
CO, 0, He N, CH,

[From a previous A.P. Test] Represented above are five identical balloons, each filled to the same volume at
25°C and 1.0 atmosphere pressure with the pure gases indicated. (et AU Cowteie e Sare # l} \
a. ‘Which balloon contains the greatest mass of gas? Explain. Wroldg o"} é &S )

b. Compare the kinetic energies of the gas molecules in the balloons. Explain.
Teyare ol = RE =Hem) Samedong = Some
; -‘—f-c,e

¢. Which balloon contains the gas that would be expected to deviate most from the behavior of an ideal

gas? EXDJ.&ULM gjag@ Ol Vown - 1_'.5 -.,.’rt\r; o e C‘Dg_ [ra S Tt L\"WS

Do‘-w‘\r D L onidm Dygenc ™ Focwes. LT a8 A Press M”"O‘Q

\¢ A
d. Tweive hours after being filled all the balloons have decreased in size. Predict which balloon will be the * (-f

smallest. Explain your reasoning. [—)—6 )
T}\ ) ' 00 .4 v Yo bpd i RE & 2E - CLop & ’fl‘\rod,-‘
( ou;[» Q,ﬂugﬂq . Ne vas,\_{:;l_,'.: t,‘-:;w{y; 4 Rt D g Lo ¢ /
Cc

f
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16. A reaction'mixturé contains 25.0 g of PCl; and 45.0 g of PbF,. What mass of PbCI2 can be obtalned from the

following reaction? 3 PbF, + 2 PCl; — 2 PF; + 3 PbCl,
15.04 Pelyylmdfls 3o Pl ) 10g1 g PECl,  _pg
Ry S Lp! P

(usi0g Pofy b lmad Phfy o SwalPble wwﬂ?ifz
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17-19. These questions are part of a question that was on a previous AP test.

When a 2.000-g sample of pure phenol (C¢HsOH) is completely burned according to the above equation, 64.98
kilojoules of heat is released. Use the information in the table below to answer the questions that follow:

Standard heat of formation

Substance  (AH°) at 25°C (kJ/mol)
C (graphite) 0.00

CO,(g) -393.5

H, (g) 0.00

H,0(/) -285.85

0, (g) 0.00

CgHsOH (s) ?

a. Calculate the molar heat of combustion of phenol in kJ/mol at 25°C.

—Lutky , aHn g phe!

1.@0@3 WV\"[ l b o) trl,wvx 0!
b. Calculate the standard heat of formation, (AH;°), of phenol in kJ/m

ol.
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c. If the volume of the combustion container is 10.0 L, calculate the final pressure in the container when the
temperature is changed to 110.0°C. (Assume no oxygen remains unreacted and that all products are gaseous.)

Pz =R " Q'Omy‘?m"lyf‘—%{ —— =.02)2
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20. Oxygen is collected over water at 25°C in a pred
2.00 L vessel at a total barometric pressure of & ‘O]l 2 el ey

765 torr, Calculate the number of moles of oxygen
collected. The vapor pressure of water at 25°C is

o 'Y
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24 torr.
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