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Chaphee 13 Goses and The Kinehie- Mokculas Theory

In the Poﬂ‘ chopttw, we have M idewskd in bonduwg | bndm;
Theouss, propedtivs and rachm of codain subsnce — ie
chemual pro peitico,

We are now Movnw? a sthudy of physiad Sﬁmo-{mﬂh

There ane 3 phusial Shilis:  gas Puids - flowo fouly
| Louid %Cmdmseds%ﬂo- hae. much.

Sobd hogher dons tino
Gorsidun The. cbnsily (331 ¢ how much mass pon, wridt volume ) o wadec
solid - Liguid Gao
wader | OSIF - 0.998 AL | 0.000588 &
(G (20°C) Cloo°c)

S vl mLoof ice o lguud waken thaone e ~ 3 %I0P2 moloeudes of fy 0
but in Imk o] wodte vape o 100°C A Q x O molscudes of H:0.
or ~ 1000 x fewen inclcmles. < The mologules med®

much fodhan apart and @n b eanily comproased.

Observochony on Graea= e MACRO LOPIC behawiow. whith we wll

. qoots cam be compssed. lodon, fume 4o moLSCULAR. behavire,

2 gaaw exert pusswe o sumandings

3. qaaw expand unthout Lumit |

4. gaags camcuq d;.#uu into each offn, and miy

S. j}ouw: Com fe complodely desaked by lahow’m? T, P volume (V)
omd the numben of molutndes or molts of oo present.



Bresswe
Fust Ot diocuas pressmg P: (ﬁwzreruﬂdwmo\)

he heght of Hy colwmon (mm)

l mm Hg = l ‘*'OY‘Y'
the aveiroqe Sealtuel admesphuic presut = F60 mm Hg = 760
= 760 forr
= 1 afmesphve (odm
= 1 bar

Notw: ST wwit of pressuat = pageal (R
1 odm pusswe = OB~ I0° pascols.
common. wnik of pruswe is Pst ( poumds pen Squom )

J am prssuAL = 14.30 psc
ek considin The MWMW PW omd voluwme o—{m qgao .
In lbb? , Beyle ﬁnwd for @t conotand Jmpvoduwe, e volume
occuplad by o dufonite mans of gao 18 moersely propntnal
Jo He pressw appled fo Yo gao.  This s colled BoyLES LAW.

Mothermatcally , Vot ok oot T, N (rndn of mebo)
. or
PV=cm\o‘\mt of carotard Toru
He velwme doaaLs ot corwtont T

Qb PrAMIAL INCANOLS 5
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f e, doukle e preasime on o confoned qao, the volume
of the gao uwll halve. " |

’Gmpkimﬂq, }fwesﬁxdyo.sw(ﬂo—fquodum{m\fTM\d
charge he pressie + meoaunt ta resubtorg volune :

1 _
\1; V slope = C&W v
= Ay A_‘l;
V= —‘FS"CNW
P— JP_ PV = corvotont

I we messune Pond V ﬁ\*\hsmSomxp(a,o{qaoat%
some Yomperatune.  of two diffeunt SE o Pand V condulina :

PV, = covtnt = PyVy

RoyLES Law | RV = B V) of emotant nT

EXQ@2!9 . At 25°C a sample of He occupuo 250 ml undra prasind
of F6O torr. Whot volwme would it occupy under o prussing of

200 atm of 25°C 7
o Q\(.
PV, = BV, of comolond n, T

reco&l‘- lo;hr\ = :}60 dorr

(1 )(250m)= (R atmd Vo
| x50
Vo = o
= |5 mbl



Example :

AL I00°C , a sample of Og octupies 200 mL undur o
resswe of 4afm. Undn whot presswe wodd it occupy SCOmL at

loo°¢ ?

T, rumber of mels Og () remoun e Same,

we knno
T’\%‘ﬁ}e 3
Rv = Yy
(4 atm)@00m)= Pp (800 mb)
5 . Hgimxgoomk
(R FOO mh
= | ohm

Consider . 233 mbL volume of o.qas of afmesphuc p/mwww»d o

ard chowge te demperative . How wonld the volume domqe.

Oml ™

THEGRETICAL ONLY |
| ot lo&m
\odm U’ U =§,_== 5Hb
M, 263nk 2Bl 293 ml i
-y C -10°C o°C 10°C 273°C
o | wmowsews, V oinoeeaes
ao T decoars, V dursoaro.
Yemehcally § T doreoand fo -273.15°C, V=0
| ABSOLUTE ZERO
we have a new fempnatun sode , e Kelvin empuatune sab,
K = °C + 273’
naved offn Lowd Kelou~n ~ o Bedsh quc.ldﬁt
What we observed is CHARLES LAW At corofard pressune, the

volume occupied by o defon maso of gao is dumc'f'ﬁf propafeval
fo & absokds Yempermbune.

V € ghsobe T ot covotand n, P
_Y_F=cam'¥u/v\t |



1-S

V / V = n\T
. V.
- | = conwotant
o)
abszm T (K)
et 9]

The conotart is He same ' Pard numbr of mobis of gas arate same.
o two dffmest Sttuodions.

/ Yo v |
CHARLEES' LAW T, = T,  Coaohnt w,P

Exmph: A semple of F\?daogm\ geo, Ha, occupes 100 mL at 25°C
and FHO dorr What volume tordd the gao occupy at SO°C
wnder the same Prcssum?

o we we Charles’ Low.

P and n aw the same

\ V.
%"—"—é’ ot covotont P,r\._

we. Rnaw :

bt we must change °C o K
¢ = (25 +2313)K= 2% K
(so +233)K= 323 K

L

T = a3
T soC

Terefoe  we hout
00 mk _ Vo
298 K 323 K

Vo = 108 mb
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Stondard Gindikimo of Temauatung and Pressune

Sica, Velumes of Quats vary with, bath, dempuadans (T) ard puswe (P),
it is comverient Jo choose . refirence pocnt ~ some set of
Stardond aondlihiva |

Standard mparadwe and pessine (STPY 3 O°C = 273,15 K

lodm = #60 dorr
(=101, 3 kP

Combired Gao Lowo
we know PV, = BV, ofcootdt w,T

Mo,V

woboknwo T, = F  otcovtont n, P

Combuning, e haxe

% E__VL- = _&_\fﬁ of contant 1 egﬁi‘i\ﬁt\nc\k\d
T Ta commit Jo momory I

Exangl: A sampl of (0 occupies 3Omb ot 45°C wrder a
presswng. of 910 forr What volume would it occupy of standand

cordifionn 7

oall:  Studard codibions @ 76O dorr G latw) . OC (=233 K)
we one ot changing Hhe umber of imoles of gao <% n= avotond

B 2 T 4S'C

! e ' =@S+ 2¥3) K

TOtonx 3Dmk . FeOdomx Vi o K
38 K 213 K

v;z. = 360, mL
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We can uae He Combuned Gao Lao i place of Boiples oz Chanles” Laws
Coladatins .

Example: At a5°C a sample of He occupies 2SO ml undira pussung.
of #6O forr  What volume Lauld It occupy under o presswe of
2.00 atm at AS°C.

Pv P, V.
—fl = i-ri—l ot covotamt n
[odm x AS0ml . Ratm x Vi ‘ 2590 (13 9}3))(
sue 25°C =(@S+~
293 K. il @ - 508 K
Vo = 13S mhk

Stordord Molon Volume of Goats
Quashion : What is the volume of | mole of o gao, amy g €

Answen: 1 melo of any il qas occupuo The saume volume of STP.
Wvow/me s QQ’\JL (coled stondoud malan volume,

'Qecoil 'ff\od' 1 mole = 6.022x 16%° moleculus.
% the same number of melulis of deffoent qaass foke,
wp 'f’fe,smaﬁnow c\/space ot Same Tand P.

{
Vi -
AVOES:C}NVOS neV e -n, \{\z at cootont T, T P

Real qeats do not Behowe exacty Abe ideal Qases, but under
hormoal cmdchime, We.can ue Thio approximottim .
which: meams : .
| mole Ne or O or Hy or NOQ_ or CHy OW@" 2AHL
at STP (see Tobl |2-3).



AEXamg(g: " What volume does 42.5 g

1. -%

What is Yo densty of Ny ot STP 7
@ weknnw thot | mole of gae Ny occupies 224 L ot STP

‘ 4 |
at STP, 224 5% ° ¥ e
“I.’Z.S‘g
MO’lOAo-/ Ng" %VJ = 2809/'“’&': 152 mO(.QO
* we hawe, L #L
2324 el T T52me
# L = 20K s x 152 mel
= 34,0 L
. # :
(o) The donsity of o quo o dguid = oo (buk vsually D
K254
OR mow sumply T340 ml
D(£) = ZiL .
= 280q = LAS x0T WL
Aissxime 2AHL ox.
™m
i} 9
¥ -5 % < las & bt
Ewompe: If 230 g of a gar occuples b4 ml af STP, what s o
“mofocudon uﬂiqid‘ 2 |
Lo ¥ :
we know ot SIP AAH mel = wFmole
: : # _ O.LHS
S e an Solve )G‘: # mole, = 22.4 Snet 22.4
= 0.0298 melso
) +#
we knao  motocudan woyd' - I
- 4304
0.028F mole
= ¥9.9 g/mo-e

of Ny occupy at STPC

p'

gaa L

L
Tl
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The Ideal Goo Squodinn, -

A eal gao ofeys The gas laws txactly.  We wek with real qasso
‘ot show only Shé/\:f veuotions.

We have leomned that gases com be dasoubed indeems of 4 rovablo.
P presswe (atm) or (forr = mm Hg )
T  empuatwe (K)  rwll K= °Ct 273
V.  yolume (L)
n moles

Boyles LoV ® T (camburt n,T)
Chaddes' Low V' € T (comolond n, P)
Avogadhos Law  V € n (constnt T, P)

. T
VR .1
ok PV < T
\DEAL GAS . .
EQUATION PV=nRT R s propothanaldty conotant

called Universal Gao Conatard

T‘\e\mlun.o{R dn,pwvxdoomumli’s of P
Py

R = nT solee of STP
: - lobm » AN L otm L
@ P= odm R = Imoly, = 233K~ 0082 mak
60 forr » 224 torr L
& P dorr RZ lmokzr: qa k- AN ol K

These vluws of R oxe o T bock of Ruodic Table in the exam.
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Ex . Whot volume dees 45 g of methane occupy of HOC wider
. g Y
o presswe of 1280 Horr ¢

#q _ 4 |
€)) mo(’.ao(‘ﬂq = ﬂgﬁ/- ﬁ—m = 3.0 mol
() T = I40°C + 233°C = 413 K

Plan: g CHy D, mebuo CHy T%-* v

_ NRT _ 3.0 md * b24 mete x 413K
PY=nhRT 2 V 3 1280 Horr = 04 L

Exomple: A 200 mb flask contaime O.332 g of vapor ot 100°C awd
73b forv. What s the moleculon weight of fhe Cm\poumd? (Dutmas Metod,

Plan: use PV, T dafa 4o Solve o n, then solve ]6 MW = ;—ﬁinol

V= nRT
g Y\Bv _ #3b_forr 0.200 L

. N = _i_'f' T 2N vlvTo?-'lngx 373K 0.00632 moles

# 0.3%2
<MW = :Eﬁgl = 0.00633 mol = bO.H %nl

Exa/mpla Wb\oJ'IS _‘H\e. d@nSlt{ (iw 9/I--> o—f a Sa/mp(o. o-f Ca,té-m C{«;m('ude
of 150°C qwd F40 fon ¢

Derwadtion. o{:ﬂxmu!w PV=nRT ldool Gas hawo

# =
we aloo know Hat D= 3}% ﬁ\qowes s Ve = '(59‘
ord n = % :

subshhding i, P () =Ch)RT

P _ RT
Camuuxmq D T Mw
#—9 g _ Mwx P




D= MWxP  440%mol x FHO forr

RT 7 624 ERT« (150+21)K

1.3 Y

=

Exa/w\E(Q: WL\oi IS The mq&wfa/\ w&qﬁd‘ of a Pm qaseous Ccm\pnwd
havurg o dessity of 238 94 ot 73°C a.d 650 tow?

Mw) P
we knno D=(_&_’r“

or
DRT
MW= —p L tore
- 9% Y x 624 ma R * (33+1473)K
630 “orr
= 99.9 o

The percant composm. of this gas s 24 % C, 4% H ad F1% U
by mass.  What is The molecdon foumudo. of The qao 7

Assume we have lOOg of ga

éH.gC M.;. L mol C 2, [ mol C
Hq H WG, 4 el B 22, 9 el H

?l'gcl AW, 9 ok O 22

> l mol C‘

1=

* empuucal (simplest fumade) s CHCl (MW of sumplaot fmuda = 49.42

. MW of Mﬁm\daé MW o{w»puu'coJWo, X
q3.9 1ot Het = HAAS Vb x 1,
' n= &

on m W\Olerda/\ M 3 (C}zwl or C;HL{C‘Q
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" Pontial Pressure.

i o,
| i

We obsowve. that given a. mucua of gases, each gao exeitc e presswe. ot (&
 would OMIF it occupied the volume adone.

Dalions Lowy :  The presswme. of o gas mantue is the swm of the parfial
presswes of the individuol gases : Py = pa + Pg + Pet

Exam\f:(a, : 100 mL of Ha, mecowuwd of 25°C and 2 odm presowe and
100 mL. o Oa, mesowred ot 25°C and 1 adm presoune , Lotae fted imdo

one of the Covtaimers at 35°C, what wowld be the presswe. of the
Gow mixhung 7

: Ancthan way to dektumme, The total pressune of o qaoess muxtwe is o
defeumine. The Fotd number of meleo of gaa and wse e il gas

Also, = H Nt = M4 T Ng + Ng + -
PA Mokl ‘bhl u»»-.-__.«_ ._P.b.b& \/ = V\w RT

EXOJmple.t Colelcdn Fhe presswe exenkd by a mytur of 6.039 Ha, 12.0g He
amd 20 g of Ny in a 20.0L contuner ot 23°C.

() Fimd . Nkt = Mony * N + Ny
‘ = ﬁ;% Hy + 12.0g Ne 4 240 a Ny
2.02g ol 4,00 /ol 28.0 g fmal

[\

29% nelHy + 3,00 melle + O,85% mal Ny
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e . Nipht = 6.93 mol qao

(@ Coladati Py fiam ool oo laso

o Nigpl RT (6.3 mt)(0.082L Lodmyinet K)(23°C+ AF3°)
bt V - 200k
- %30 afm

Dottors Law is Wluohodd in Labnatowy Inveshgotim #13  Atka- Sellser and
o Lie Goo. (05 qao is produced 5 o volume s menowned by duplocsmart
of wader, fiom o bwnet..  The Lonelug bulb is wed Yo make swe the

. Qao b coﬂ:zdc.d ot atmosphunic pusswe (read

6‘//) \%‘3? - ,‘ﬁom, o baromadn in e lab).
& The. problem urth 'ﬂ\w meams of qav Q;fiachons ]
s | H @ - tat th p«wmm:&gm,bm’c s e swm
%Jdko.-f’;’* 2! of Y partal prastuns of T gan and e
Ll (Q%J) Partial. preasune. of Wodtk VapeL, Py -

; ,Usmﬂeqaolms m%&mmﬂaiymm
D ‘f’kpmmflpmumo{%eqaa dwf

W@m if #\Lqm is Colleckd ot a+mosp/wuc presswa,
~ Fotn = pans * Po

OR_ Pgas = Posm - PH,_O

VA
ormufuc 1@%\ fables Qs Vopor pAABUAL
ba?"w""- a0 o ﬁ}mcg{ mwof J\e{mwam

Exormple: A sumple of Oy wos colleckd by TR dwplacement of watn.
The orygen occupiad 43 mb of RF°C whn the buomutuc pressine
was ¥53 4o, The vapm pressme of HO ot 7°C 0 AF torn

(@ How mamy gams of Oy was collackd ¢
(b) What volume would e duy 0, have ot STP ¢
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Any mimminre%mm Rnowyrg e paahal preasune of thy 0.

e P01~5~%im = Pao = 753 = 2T fow = 736 ton

' ead -
@) Plam: Po, 25 me O — 9 0,

al

PV _ Flbdamx OmL
RT =~ 624 58 (arcrars) | OrOlbk meles

mass of O, = #melis x MW = O.0lpb mrea * 320 &/med = 0,5503

(b) Method T : Po, — medeo Oy —> LSTP O,

firm (a) we know h= 0.0lbb molto

o Verp o, = 334 i X O0lbb mel = 0372 L

Method T : Use combined 944 lawn

PY . RW%
(FA o) (42 mby  (FeD r) Vo~
(BICT+3A32) T (213 k)

j}(trn;ﬁc, qutmim:ﬁﬁ_oq o] Goaes |

Up witil néw, e i\ave_ bee,n dmummf The obsewrd propeiivs O{QM
witkout considuing The fict That gaaes one mokeules.  Bahavor of
qastous mokudes showdd somehow explun. The macroscopic, propeilive
of gases, suck as presswe, volume ¢ Yomptaatung.
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1
f
;Bﬁrnouuu (1338) Pmposzd that gao melicdes werr in cotant mohon, sfnhm,
. the walls oﬁﬂ\w\. Contner and &xerh/w} pressune a0 a reswlt of These

- collisions. )

Chw,sm (i?S-F) wa ished a. Theory ( Kinghé - Mol cwﬁm Theory) attempting fo
. summenrize. observahons of B’oybz Chanks and Avogadro ona meleculan,
level.  The assumpfions are gwen. below

,Assmgﬁons of Kinehc- Molecwdon \ﬂ'@",\/,‘

(1) qooes comsist of disedlz. molecwdes Fhat o rdodwe/(«/ frapat.
They have It athaction. fir each G (rapt neor hguupiction poird -
where gas xsw‘unm«m] wdo a,&ﬁ«u.d)
volume occupied by gas moleenlss << tofall volume occupied by ‘fﬁo.qaa
undu nowmal cmdchons.

@) gas moliewlts one in Confuniaous rapid moton. ik, d«#-e/wyi Vdocdftw
They move in Straught Limes .

. collsions one. elastic (no net hansfr of WQy),,,

CS’) The qvm¢ kmejc emerg%of molewh,s of qawes S W&, f)ropm‘wy\aL
o te absolulte formpmatune (K).

o ek e

12-10
-=-———= FIGURE =" The Maxwellian

distribution function for molecular . : M 25°C more molecules are moving - |
speeds. This graph shows the rela- r‘:\:rl:ci:l‘:s L about 400 m/s lha‘n at any other speed 5
77 tive numbers of O, molecules hav- ve v i ‘ | ]
ing a given speed at 25°C and at ; ; . .
e 1000°C. At 25°C most O; molecules - SN ; :
have speeds between 200 and 600 . - 022125°C l { |
mvs. The graph approaches the £3 i 0, at 1000°C At 1000°C many,
horizontal axis. but does not reach 3 &, . Ve i many more molecules
it; a finite fraction of the molecules ¢ 5 . ; are moving at o
have very high speeds. '§§ - S \{\‘is lhan/a( 25°C
8
gs i ;
] )
"l ) h R .
S T
i . |
— — o _‘_ g

o 200 400 600 800 1000 l200 1400 1600 1800 2000
Molecular speed (m/s)

the avtoge kimete emingy of moleculia of dfiand gaaes orne
cgual of a quen tompuatune.
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Smnpm Lgir wo_Compane. the relative veloedits of Hy, amd CO, m&ew.lm
. at a/ny,gwm Tmpratue.

KE b = KEeo,  of amy gven dompratune

R mHa_(le = % MC%(VCOJQ Whert. m = Mmoas o{mokf.ula_
v = average uelocdl,

K Q%N(v)* = Z(H ghe)(Veo)*

M{Srt,. of any qen Jempuatune | the -h(y'{dw Vnoiewic e _IMoueD_am a.szemqe
of 47 fumes faobe thom The heawun mobende, (0,

Kneﬁc— Mofewla;x. Tl\eory S&Sﬁdmuywlolmw mos't of T_'f\emoéservedr bé}u»:io*u of
qoses.

In K M. theory, Hhe presswre. of a.gas_upm. the walls s cauved by gao medocnlea
- hitturng the woll. , ,,
P présswne, is a-ﬁw\chm Qf ,_
(1) rumber of molado stuking a waﬂl por unit fume

(@) how viqorously they At the wall.

BcudefL.ow :JE the vowe of guo is halved, melscdea will hit The wally
i as offen, thereby doubling The pressuse.

2=4
FIGURE 48=48 Molecular inter- i0g 20¢g
pretation of Boyle's Law—the
change in pressure of a gas with
changes in volume (temperature
constant). The entire apparatus is
enclosed in a vacuum. In the
smailer volume. more molecules
strike the walls per unit time. This
gives a higher pressure.

PV, =P, V_g\
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@LMJQS_{._,L_OW__k*Wi know that kinthe ov\erqy L absoluts WM(K)

S f absolide femperatuwe is halved, the kunchic emrgy of
A : the aweoge melicule s halved. also.

‘thre. s reducad Vigor of collision woith The walls a,nd The

Volume  halyes.
I-13
300K FIGUREH Molecular .
6‘l):;:( 10g terpretation of Charfcu \fl - \'{.l
La —the ha volume of E -
' g‘:sw( th han:e mnp:ra- T: —’;_
ure(pre ure ci nt). At

the lowe mpcn ure. mole-
ules slrike the walls less

Ancther obsewotion of gao behawiov, as explaumed by Kirahe- Moleuslan theory,
5 o gas’ ability to “effwe” thiough Cmdainer waU.s s The odmosphere
if the contrumer walls 018 poous. (hao tomy holea). Light. (lower Mw)
qoows effuse more rapidly than hawa (Mgh M) gaase Tasngh Ha
paes. ( because Ughin qaues mave abowt mud\]ﬁph)

@aabamw Law, (1832) :  Rodza of effusion (diffucion.) of gases ane nversely
propatiomal fo Squon rocta of Thuin moleculan weghts . (or demsitiea )

- rolw of effwi of A _ MW
- rofeof effwin of B T \, MV\)i |

Exom b Colewle®e the rate ofﬁ{ﬁwm of He. reladive o that of SO,
MLM_MQM

Effwirn ridz of He J MW so j M \}-)_b_
E fwion o of SO MW ye :

Thoofre He, te lghien smallin molecude, would eluse N e
fookn tham SO, wnden donheol emditions.  Therefore, if O.1mel of

He e{ﬁmw ‘I’ﬁmaﬁmy hole o 10s, how)«mq wendd tfhkmﬁ 0.1 mel of SO,
EWM%\YM&M(& MMSM%W\A 2 Hos .

We. can wag T &nﬁ"foc{mw MW of um‘u\mgao
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At OPMM)LWM and presswes, most real qases behave like
ideal gases. They act in accaidamce with, Rirehic- molecdan theory
and obey he ideal gas law.

Y

At high presswies and ow femporatunes [eondihons near where The gao becomes
o bquid ], sqrficmt deviations fiom deality cam occun and Riretic-
molacudar theory assumphons break Qoum :

(1) volume occupied by gao mokades Themoelves is Sigruficant
@) attrochons ammg moleadas rmay become srqmﬁcamt__w,_w,..

;Oy\e waowy to covact for Thu s to cAaer the Ideaﬁ Cas Low egmm_
somawhat. This new c%uodzm s called the Vom der Waols cquodion..

dealGoolaw  Paal % Vit = nRT

Van der Wools Epuion. (Pt * T8I W™ nbY= nRT
o o owhere P € Pt 5 Vieal > Videal
a,b mmwcwx‘ dexjved

. O) o CQ"ftJS_‘@L ﬂ\e &Hcci of mo\mdm aﬂ’tac,ﬁam i
(lange. odtrachons Correspond +o longe voduaa of “a’)

__poloa Qg.\d.o_po'om qmm molaculs axe oatfmdd -faead\ dthen.
fo some extdent. witt Lov\dm-@e,m amd Jor dipole- depole
wdoctims  (Ch. 1)

(b corredh fm the actual volume of The gao mokaudes
(longe molteculia have large valuea of b’ )

New: When o, b =0 , fhe Vander Wanls e%uaﬁm\ becomu The
Tleal Goo Law.
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| ngco_il;qquqzdm* st VCn at coofant PT |
. ot STP, 224 L = | mole of any Meakgus

Guy Lussac’s Low ( Law of Gombining Volumes) - At covobnt Tand P, He

. yumes of reachng gases cam be_expressed ao a. radia of sumple whole
numbers  ( Aqain, ONLYy TRUE FoR GASES )

Exomple: 4 NHagy * 502@) —> 4NO@ + bH0@)
T A+amqum TM\d P, ‘l Lies of NHs@?waLrtmj ww‘» S!Ldm o-/Oa(q)
To produce. 4 Lok of NO(9) and b Lds of H0@). e

,@.)Wkoi volwmg oﬁ WQJBA wpeu is. produced bl,L rcadmp Qohd.of NHS unﬂ\ excads
. oxyqen qas if all qases e mecowd of te swme Tamd P 2

b
Vio D) = Vi ¥ % = 20mlx % = 30mL

(5) Wht volume. of NO s producad by The reachon of 20 mb N
ard Q0 mh of Oy, if ol Gares are mecowed of the same Tamd P?
(Linatung reagext problom)

A __“ﬁN“&Qq)_-* 5 Og;(q} — HANO(Q) + szO (q)
AOwmb 20wl
b\@d Drvakng mqw () divide. b (or m@w) by shichiomehi coeffreont
(1) smollor nuamber belongs o ,Qm\okmf lrtoq%\t

NHz: 0wl +4 =8 s O s (N
Limating reogent 3 18 Ih €xC0a0)
Oyt 0Nl +5 = 4 ond colewlahms are bosed . amotat
of Oa.

VN()(W\L) = VO X%L = :QOMLX_‘;L = ”Dh'\L

2
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Let wo c&nsger :  stoichiometuc aladafims tnwlvrg bok gases + sobdds .

EXam\p(u LOM volume of pure o'xq?m ga0, Of rreastinad oj‘.
200 °C amd F¥O forr, is foomed by complle dueocotion
of 10.0 g of ,4320, accodinmg fo The reaction :

QAgaO(s)—a HAg > + Oa9d

106.0
MW 232 9/inoly
Hw mho Pv= nRT
Plam : 9 A?a.o — mols Ag,0 = mol O — Volume Oy
# o 10.0 '
Gybmctio g0 = 2B < BT . 00431 melas

@ # molo Oy = #melo A0 x I = 00216 moleo

@ Vo, PV= nRT
| V= nRT
| ooalb meles x 624 BTl < 473 K
) +20 torr
= 08%8I1%F L

Exaﬂn‘p(.o.:Wb\d volume of oxygem meaound at STP can be produced
by thermal decomposihim. of 20 g of KCOg?

A KUO; ) —» 2 KCe + 30.09.

K0
MW: 12 7/h\ol

Plan: q KUOs = mol KUO; — mol O = VYo,
2109
S = L3 mal KOO

#q |
() #moles KUO; = Fw = 723 g/md
@) #moe Oy = #wols KUO; xF = 256 md Oy
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Recalt ot STP, sturdand molan volurme of any qas = 22H ot
~ L H# L
(S 22-‘\’ VTD‘L = —"_‘# l

Vo, (1) = 2249 et * # ol
- 534 L

EXWPLQ: A 250 q sample of C@) reach with o storchomeic.
amound of wiuc ood. Whot is the TOTAL Pressute (considen
only e ganes) of te producls f the volume s 30O0L
and the dompuodwe s 9S°C 7

C + 4 HNOs@ > 4N @ *+ COa@ + 2 H0)

Plan : find sut dotod numden of moles of qaaesus poduct=n, F(Npg Neo.

suee.
Pt V = Nt RT _ ? coroliony of
(E{o{ PQO,.) V - (V\ma*' V\QO,D R.T Lawo

+* _ 25.0q .
0> molo o] CEY= AW ROGmk 0% mol

“ miw NO, fmed = 2C® = H = ¥.33 A= (0] met
mees COa fimed = 2.6% x| = 208 fotol. o qow funed

. _ nbu RT
_ (’l) . ’P‘b\:ﬁ.’*" Vv _—
1041 mdl x 0.0821 WL R * 38 K
N 3.00L .

= [0S atm



-2

Tkem)&e, Nap we Cam work with, sfoichrometuic ?voblﬂmw whun,
the substamces nvoloed are (1) solido, @) (h agueows soluchon,
or (3) gants o Combinatens of ol T,

Remumber, In these piobloms you must work in moles X

In summony,
: #q of substonce
O) sv:&do # moles = MW '
‘ | ok
(@) in ogueous solution. # moles = Mx#L  since M,moaily™ FL
PV - |
@) qases #wmolb=n="RT simee. PY=nRT

" # L ‘ L L
ad aX STP n="22414, sinee. 2. 9ma = #md

YOUL, should now Ae able fo handle all {pr of stoichiometuc plobk;ma
-f;r ol ks of subsfaress. These. problema thclude.
(@) sumple sbichiometiy |
(b) % yeld
@ Amiting reagent



