G EVER A caam::ray LECTURE MNoTES © 2007 ma
CHAPTER § CASEs

MR TTER EXISTS INTHREE STATES . Socg , L1 @uIO, Awp 645
FOR EYAMPLE : WATER 1CE, WATER |, WwATER VA POR
IV EACH STRATE, THIS IS ST1t¢ WwATER
CHAWGES /v STATE ARE PHY 1AL CHANGE S
THE STATE OF MATTER DEPENVOS OV TEMPERATORE + PRESSOR
THE KIVETIC - MO ¢cECVC AR THEo/‘e/V
1) MATT ER IS COMPOSED OF T/'V/ PARTiceE
CALLED MOLECVLESS

2) ‘7HE PARTICLES ARE /v CONSTART MOT/ION
THERE FORE THEy HAVE KirvE7/c EveRsy

3 PARTICLE sPeep INCREASES ASTEMPERATORE
)NCREASES. ICINETIC EIDERC»)/ Also 1vcREARsES

YY) PARTIC(ES TRAUVSFER EWVE k‘é}/ FRom owE 70 AvoT HER
DuRIwe Collisrions

5) ATTRACTIVE FoRCEs BETweE Ev PART/ LESs TEwDO
TO HOCO THEM T0 6ETHER

<1 weric Evas}/

THE EIVERG/A PRARTICCE HAS AS A RESKT OF 1TS MmoTroh
K1 wETIC ENEIQ&)/ /S PROPORTIonAR e TO MASSs Awo TO0 THL
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THE €6AS ¢TATE

/W THE GAS JTHTE MOLECUVLE S HAVE VEk/ LITTLE 47T.enc7'v€-

FORCE BETWEEW THEM , THE MoLtEcvLes ARE USvALCs,

SMALL . THE)/ HAVvE LoTs O0F KIwEeETrc Eme,Q(,/ ANVD UER/
Hi16H4 VELlLocITIES

GAS MOLECULES Coltipng FREQuUE~rL

) WITH ERCH OTHER
AVO WITH THE wRALLS O0F THEIR cCoOnT AIVE R

CHARACTERISTICS 0 F GASES IVCLLOE:!

LO w OE'U&)T)/ - PARTIL LES ARE FAR APART

IWOEFINMITE SHARE ~ PARTHLE S movi To Fiey
T"HEIR conTAINVE p
/H16H CompPRESs, a/u’r/ T INCRIZEAS rw e PRESSURE
MOVES THE PARTIC LES
CLo SER TOGETHER
LARGE THERMAL EXPAnSION
- MHI6HER TEMPERATURES GLIvE
THE PARTILES monre §Psgg
S o THE/ Puos H EAcH OTHER

AwAy mopRc ST(eonu;-cy.

I~ A FixeovoLvme, PRESSVRE
INCREASES

!V A vARIA QLE voLume, VoLume
IVCREASE S



- THE LIQUI0 STATE
L1Quig S TATE MOLECULES ARE 1nv RANVOOM MOTlioW,
SLID/ve FREELY OVER oNE QVIOTHER,

Th‘EY PO MmOT HAVE SUFFICIENVT KIVETIC E/VERG}/ TO
SEPARATE FROom SACH OTHER

HIGH sts"r;/ - PARTICLES ARE CLOSE TOCETHER
INVDEFIMITIE SHAPE - THEY Flow To fFret A cCOVNTHNWVER

SMALL com PRESSIBILIT Y - PARTICLES ARE ALREADy CLosc

SMALL THERMAL EXPAVSION - WARM W L DOES woT G¢IviE
THE PARTIC L E s ENOOGH
ENVERGY TO SEPARATE

THE SottO STATE

MOTION 1§ MINVIMAL, STROWG CO HE SIVE FORCES KEEP
PARTICLES 1w RIGID Pos)TION S

HI16MH DEvsn/ - AS Hi6H As PesSsiBcE

DEFiviTE §HAPE - Wo conTAImER 1S WEcpED
SMALL cOMPRESS) BIL /7/ - o Rogom 17O Com PRESS

VERY CITTLE THERmAC ExPANS (on - PARTICLE S ARE

700 TI&HTLy HECLD

THE 6AS LAw S

GASES BEHAVE </mPLy Awvg PeeozcrAaLy
INC REA S1v 6 THE PRESSYRE omnv A 6AS com PRESSES 1T

IVMVYOo A S§maLLeER voLumiE

MATHEMA-TICALL/ PV-’—'//{ THIS ¢ BO}/L[:')" LAw



UNMITS OF PRESSURE
/ ATMOSPHERE ;s ¢ITE fmuy THE WEIGHT © F OUR
ATMOLSPHERE PRESSIVE Dowmnw OWUS

/ ATM = /Y. ) Povnos PER sQuARe wen (Psi)

/ ATM wicttL SOPPORT A Cotumw oF L/ Quig ms,ec,,,v,
760 mmm HI¢H - IV A MERCWURy BAROMETER

/ ™o H;’ ! TORR

/ ATM = 260 maHy = 760 ToRR

VSINGE PRESSVYRE
CovvERT S00 PS1 To rmm H} ,TORR Avo ATm

500,05: X ({RTM

97 ps = 340 ATM

34 ATm 7;0,..‘,,..1.4;
X ! ATM

2. Stx:oqmﬁ\ Hg ORTIRR

UMITS OF TEMP ERATVRE
RECALL FRom CHAPTER L P6 1§5-/7

DEGREES ARETHE SAME SI2ZE Iv RECWnw AV Y CELCIVS
Onvty THE O PoInvT OrFFERS
O FOR CEtLciveg 1§ THE FREEZZIVE/MEcTInG PT- 0F H, 0

O FOR K 1S ABSOLUTE 2ERO, wWHERE PARTICLe S HAVE
Z2E R0 RIVETIC E:ws:e&;/ AVQ MoTiovw CEASES

AlLL CALCUVLAT rows 1v K

BUT, WE OFTEN MAKIE MEASURE MEWTS 1 v OC—

TO CONVERT K= ¢+a73 S0 37 = 30 k



THE G¢AS LAwS
THE VARIA QLES FOR A SAMPLE OF é¢AS IV A CONVTRARIWER

ARE - PRESSORE —» P C ATm , ToRR)
Voltveme —y VvV (L)
TE MPERATVRE - T (K)

BOTH PRESSURE ANO Vot umE INCREASE AS T INCREASES
TH!S 13 CALLE D D/REcTL)/ PROPORTIOWA L

P= 4T wHERE 4 1STHE PROPORT 16nALITY

' ConvgrAhant

VAT

’”
PVv=A T , S0 PV_ 4
T
NOTICE THAT P AvO V ARE
/rvl/eagsz.}/ PRoOPORTIONA L
FOR PRoBLEM socviwi
pl Vl - P‘_ V). THE
A GAS LAwW

EXAmMPLE
A SAMPLE oF ¢AS HAS A volumME oF So0¢ AT
26".0.(’. Anvoe 0,951 ATm
WHRT 1S THE votvmE AT §0°% Anvo 1.4; aTMm

0.15) ATn x .5.001.: -/;‘_” ATM AV

29% K 323 K

V. = 223 K X 0-981ATM X S.00¢L
9% KX /- 41 ATM

= 3662



THE IDEAL CAS LAW

THE MAINV I1DER 715 THAT ERUAL VOLUMES OF 6AS conTAln
EQuAaL NVuvmQgERS OF MOLECULES (rawo P Be/ve E¢unt)

THERE FORE, | mote O0F ANy GAS F/LesS THE SAME VoLome

THIS 1S TRUE AT Awny TEMPRPERATUORE AwYD PRESSVORE

WE PICk A STAVDARD, TEMPERATORE AnD PRESSORE
CALLED STP s.00ATM Awo Q13 K (0°c.)

AT STP , I mo¢e oF ANy GAS OCCVPIES 22.¢4¢

THE I0EAL 6ASLAW COMBIVES THE P UV AVD T RECATIONSPS

WiTH m = M«.fm‘o&/
AV D

R = 7he ¢as CoOnSTANT 0. 0¢2,

THE 615 COMNSTAWT chAwn BE CﬁLcuuqn:O FRO M
THE EXPERIMENTAC FACT THAT | moe (AT sTR) =22.9L
THE IDEAL ¢ As cAw

PV =mRT
FOR | moc

/-OOﬁT’\ gL =
X A Y Iﬁu’5273 /<XR

1.00ATM xa1. 4

— . L -ATM
/.00mor x 273 4. ° 0. 082 Mol Ic

RISTHE SAmE For ALt
R ALL GASES AT ﬁ‘v}/ S, T,0R V



|OEAL 6AS LAW PROBLEMS
Pv=mRT
wWHAT ISTHE vOtumE 0F O0.4913 Mot H, AT 20°cC
Avo .59 ATm ?
PV=mRT so, V = __.l.s-—-
V= O0-Y13 Mot x 0.0%1) t-ATm x 223k x 1-S1ATY

, mot K
V= (.29 ¢

AVOTHE R EXAMPLE

2.0 moc oF ())~ GAS OCCVPIES /0.2¢ AT J.$°<'_ .
WHAT PRESSURE DOES IT EXERT

PV=mRT so p-mRT

vV
Pz 2.0melx 0.0821 L-ATM , 298 K =
moe - K p=9eArn
/0.7 L

AWOTHER
A 6AS OCCVPIES R VYotvmE O0F Y. 8 ¢ AT 298K
ANO /.1 AT™M. How MANY MotEs 0F 6As !

PV=mRT so m - {-:,g

/- 7ATM x 44.8 L

00%1L-ATY 29t k M= 31 ol
Moc- <

-




THE IDEAL GASLAW WAS OWE O0F THE FIRST Ao mos 7
SVCCESSFutL METHODS FOR DETERMININVE Mo lEcoeAHR
WEIGHT.

| F THE MASS OF A SAMPLE 1S MEASVRED , AVD m
CAlcuLATED FROM PV=mRT..

/.H 3 $ OF R £AS occuvpiEs ).oL ATSTP . WHAT Jg
ITS MmoLEcvLAR wél‘HT?

I] CAlcveLnTE M FOR 1oL ATSTP

l.ooat
m:= Pl/= ATm x /.ot 1.0
RT 0% L ATA oo qz-O‘I‘lc
Foe T * < .

1 4397 .044¢rmel g,
l.43
-ﬁql = 32.0¢ J/Moc

~OYY¢moe

DALTOV S LAw oF PARTIAL PRESSURE
THE PARTIAL PRESSURE OFsz)/ GASIVNA MIXxTURE
/S THE SAME As THE PRE SSURE 1T wout) EYERT
/F IT WAS ALonvE 1~ THE CONTAIVER
PALTONVS LAw
THE TOTAL PRESSURE 1V A COVTAINER IS EQuAL T o
THE SoMm OF THE PARTIACL PRE SSURES

Prorar = P, +P +R

JoTAL !

FOR EXAMPLE, OUR ATMOSPHERE /s ABouT 7075 W, | 21% O,

$0, AT 1 ATM, THE ppOF Ny=0.70ATM Awo ppO,: 0.21 ATMm



A PARTIAL PRESSURE PROBLEM

THE ToTR C PRESSURE In A DIVERS AIRTAVK IS
100 ATm . THE PARTIAL PRESSURE OF D, 1mv THE
TANMK 1S €96 mTm . THE PARTIAL PRE SSURE OF

ALL OTHER CASES, EXCEPT Oy Is 9.0 AT™M.
WHAT 1s THE PARTIAC PRESSURE 0F 0,

PToT :p, "’P;_"P}
Joo = 69.¢ + 7.0 + P,

Py= 100 -(€1.519.0)
Py= 100 - 728.5 = 21.5ATMm O,

CHANGES I1v STATE
THE STATE 0F MATTER IS usvALLy CHAWGED By
MHEATIVE OR COoLIve

A CHAWNEE OF STATE THAT REQUIRES I4E ATIWE OR

THE CowsompTionw oF HEAT 1S CALLED
ENOOTHE Rmic

A CHRANGE v S TArE THAT PRODUCES HERT I1SCALLED
EXoTHERMIC

ENOOTHERMIC CHAWCES /WVOLVE OVERcOM VG
COHESIVE FORCES BETWEEW PARTICLES, MOVIWG

THE PAR TIC LES FARTHE R APART



ENVOOTHERMIC CHAWGES OF STATE

MELT Bo6r¢ APORILE
Joci0 —— LlQulloﬁ_)aRVP A S

SOQL/IME /

EXOTHERMIC CH ANVKES OCCUR WHEN PARTICLES GIVE VP
E'VER(»}/ ANO MOUC CLIOSER TOGETHER

CoONOENSE FREEZ £
GAS —y LI@uid > Soup

OR CR/.STH& I12E
EVAPORATIOVW AMD

VA POR PREsSSURE
EVAPIRATIOW 15 AN ENVOITHERMIC PROCESS IV whHICkK

A LIRUIO 3 CHAWLED /vTo A ¢AS AS MolECules

Wity Envoven swsks./ LEAVE THE LIQuio SVRFACL
ESCAPIVve IWTO THE 6As STATE

IV ACLOSED CONTAINER motgcvies CAN'T EScAPE
ANO A vAPOR PRESSURE aa/'LD,s vop

ANV EQuic 1BRIvM QDEVELORS
VAPORIZATI0s

L7 Quib e ——— CAS

COWOENSATIOw

VA POR PRESSURE 1S THE PRESSURE EYERTED '3)/

A VAPOR OR GAS THAT /s In EQuitiBRIVM wiTH
/ITS LiQuip



SKiee s

WORK WITH UNITS 0F PRESSURE

CALcveAaTE THE PRE SSuRe

EX ERTED By A Cotumn oF sASOR Clourp

v
V)ERSTAND How n 66Rom:€7'ER WOR I

OSE RKiveTiC MOLECULAR movEC TO
EX PLAIN ATHE §AS LAws

WIRK WrATH €M ARLE‘SI GOyLE‘s 4wy
AVOGADRO'S LAW ¢

WORK WITH THE COMD |vED CAS LAW

CALCULATE MOLECULAR W IBIE¢HT FROM
MAss pwd VocumE O0F A6AS

UNDER STAVD THE VoLumeE 0=

Comp mweo GAs sHmpLes ANVD
PARTIAL PRE SR E

CALCULATE RATESOF EFEUSIOn

VSE RINETIC MOLECUL AR MmoDEC
TO DESCRIRE MONV-DEAL (A SLES
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