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QB Inspire Note - Chemistry 1 € Introduction to Gases

@{F a1l f - PUILIPM AAI® NVELT AG aoah PPT
ses - Properties and Measurable Variables of the InvisibleWorld)

<
Aod
V)/N,« y

NNFO0 PH!: ANNU-T MATPT AS PANGO-AT @O A5 aohhA dANT 2La-T AGmS INC=
AU-7 L% RATILY PANGAT 00T AANNN0 NLLPZT @ OF PP PN ANAR U3 PT
(physical states of matter) @0t A7%7 - £21 U-537 (Gaseous State) - NTAPT Aroraht 7=
AT 990 ATT MANHT @ 0LF309°F (H-SLTT Ate (APCT ANMF!) AT NM9° ARS AN WELT
AV TF@: (LY NEAT IPT7 héAtT (liquids) AT hmMCT (solids) PoLALT @ PT PS OWLET
9°% WILWPE AT PINT U3 AaP9Ad P9I ICNT 07 #AG aoah fPT (measurable variables)
AS0THPo-PA7= Get ready to explore the invisible but dynamic world of gases!

1. P& AhAP U332 “1nJo0q (Recap: Physical States of Matter)
&0 AhA (Matter) NANHG @ (0NT PNLFP ANAR U2 PT 215 A:-

O mmc (Solid):

v TCENCE (ATPT PaheacTi g9 ATST) 09 etde-Li- (closely packed) AS 0+ont 0
AL o144 (fixed positions) §F@ =

v ¢+ont #co (definite shape) A5 ¢+@nt1 aom? (definite volume) Aa@-:
v TCEAE (0 Fo- Ag OF e7PmeMn (vibrate): 0171t AL7PAPN-I°=
v 0N NP+F Porenavd Faed (low compressibility) Aa-:

O ¢4t (Liquid):

Vv TCEANE RO Ol SE@E TIC 17 A7L mAC 00Nt 03 OHLLLR ALLNKTICH

v ¢tont am? (definite volume) AA@: 11C 17 ¢TONT PCo PAD-9° (PLHDT AP PCO LLHA -
takes the shape of the container):

v TCENNE RCA 0CH aFi e (slide past each other) A§ ao7dadn LFAn=
v HPt+F toognovd Faed (low compressibility) Ad@< (hoH 0M9° £10)=

O 21 (Gas):

v TCEnE (M9 ek (far apart) §F@<z (evhhATFo- PA@- CP+ hTCEhnE aomT K8
SNAMA =
P-t@oAT $Co9° (no definite shape) vt ¢+@01 a°m7 (no definite volume) fA@-9°: ¢PHO7 A I
PCO AG aom7 av-i (lovp BPPAA (fills the entire container):

v
v rcthneE 0Mm9° e 5 art ¢t (high speeds) A§ OHé.+L (randomly) (U-a-9° hAPmen,
L7PAPA=

v

v

NMg° W&+ eaogmaord Faed (high compressibility) Ad@< (°n78E9° 0 7CEhaeE avhha K-
0% g~ hn)=

IHF NPAn ePAPAN (mix readily) (%417 - diffusion &S A.4Ir7 - effusion)=

QO ta& ALYTT: N0NE UFPT oohhA PA® PG ALYT NTCERNE aohha Pao- CH+ (distance)
AG PATPNPN 191TF@- (freedom of movement) 1@ 2y L9 (A7 TCIPANOAC >ChT (IMFs)
e LONSA: (09U @0 IMFs NM9° £ho1 OLI° PAA PUA STF@-)=

aaaEE C_ K/~ XU Jd el
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QB Inspire Note - Chemistry 2 € Introduction to Gases

4
The mai d}FeYence lies in the distance between particles and their freedom of movement, which is related to
the str of intermolecular forces (very weak in gases).

&
O

2. PIHTF QWS LFT P 108 avah. 2P T (Measurable Properties of Gases)

e C R VA VW JdiA0ed

PA7LT7 DN Gov§ (sample) U573 (-FANA AgPINd héT PNl IR AN LPTT WImPTINT -
(V) 14+ (Pressure, P):

O *ca%: (R7L AUL 04T (unit area) AL ?99410C >2A (force) 1@-: Pressure = Force / Area.

O 21 2+ 78 2N TCENT PATIRLT OWTPOPO, AL GF@ i hAaPo QL85 IC 0D
(collide) LA LL&Tét: PRILY AFC RTC PAATO APF £9°C @M+ 10 ¢IH7 14T (pressure)
P47l Gas pressure results from the constant collisions of gas particles with the walls of
their container.

O ovAh.f AU&T (Units):

v ThhA (Pascal, Pa): ¢ SI Avg 1@ (1 Pa = 1 N/m?)=

v ATPNé.C (Atmosphere, atm): MWC @AA AL LA A1ME PhAl APC VT 10-:

v TLALFC “UChré (Millimeters of Mercury, mmHg): 00€“%+C P9L.aN=

v/ #C (Torr): h mmHg 2C Ah-A 1@-=

v ac (Bar): h atm 2C 0MNP° tPie. 1@-=

v To7L (hé AFT (Pounds per square inch, psi): 04T 797 @0F AA APC £IA1AA =

O ®A& aAoaPF (Key Conversions - 1M9° And.A1!):
1 atm = 760 mmHg = 760 Torr = 101,325 Pa = 101.325 kPa = 1.01325 bar 14.7 psi

O @acePF: acerrc (barometer - Phi, APC 41 91¢*LTC (manometer - 10 @Ot A N
NeT)

DO s

P47 FCTI° AG PIU Vet RW1&T A7L7L4.MC AO%: ¢FALE £4T RUSTT RS NavhhAaTo-
Lam7 AoM (1L£70 Fi-!

Understand the definition and origin of gas pressure. Know the common units and MASTER the conversions
between them (especially atm, mmHg/Torr, kPa).

(n) eom7 (Volume, V):

O +ca i o P71.eHo- PUP aom7 (space) 1@ IHT CLH-17 AP aPmT av-f (lov-p NA“LPN: ¢ M-
oom7 had@ oom7 IC xhrA 1@-= Volume is the space occupied by the gas. Gases assume the
volume of their container.

O ooah.f AULT (Units):
v ac (Liter, L)
v a0 C (Milliliter, ml);: 1 L = 1000 mL

v he0h a7k +c (Cubic centimeter, cm?® or cc): 1 mL = 1 cm?
v heh “2+c¢ (Cubic meter, m?®): ¢ SI Av& (1 m® = 1000 L)=

Entrance Exam Preparation
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QB Inspire Note - Chemistry 3 € Introduction to Gases

OQ}A%@

¢
v

??’%é’fm'} had® aom7 IC WA a@Pr7 RS ¢HALE PaomT AUATT (NHAL L AG mL) hod:

-t

=
& Know that gas volume equals container volume and be familiar with common volume units (esp. L and mL).

o

(h) ov-¢+ (Temperature, T):

O *ca: eoH TothaeT A%1he ehurth AJCE, (average kinetic energy) ovah.f i1@-: av-di
LnI°C: TCENE (A“TE 1S 27PaPan: hith AICESTFo- em9°¢-A= Temperature is a
measure of the average kinetic energy of the gas particles. Higher temperature means faster
average particle motion.

O ooah.f AULT (Units):

v 896 aafen CC): 004 P9 TPt

v nAaa7 (Kelvin, K): ¢ SI Avg AG AU-A9° 22U V9 OAET P92 749° AL aoPA a0t (MUST
be used in ALL gas law calculations) Av& 1@! NAN7 ANoat oot AA (absolute
temperature scale) 1@: ¢ A7 (0 K) ANO0AT RE S0AA=

O aom (Conversion):
K = °C + 273.15 (K- L.H. 273 N7mP9° LNFPA)

00 &T5:

pov- FC19°7 (average KE) A@d:z (M9° ANLALO: 71C: (12N v AAFT @OOT avd T U-ALH
MnAG7 (K) a7 AA0T! h °C @8 K avdeC avFpx

Understand temperature relates to average kinetic energy. CRUCIAL: Temperature MUST be in Kelvin (K) for
all gas law calculations. Know how to convert: K = °C + 273.15 (or +273).

(av) ¢o1 aom7 ((4+) (Amount of Gas, n):
O *+ca i Mado- o PA®- ¢OH TCENAT ANT 10

O aoAh.f kv (Unit): A (Mole, moD= (hAF@h.e-oLts A7LPCHF@n@: 1 PA 6.022 x 1023
TCEANCT7 LEHA - PATILC ¢7C)+ The amount of gas is measured in moles (mol).

O AhgALYE: 21 AT 000 €7CE A TCENT L0507 (ATLoot ALt BaI°cA (27, V, T
AR): @R9° avm LRI LA (£ P, T Ag)=

DO 245

LOWT T APPA (N) A789°71A0 h@+:

Know that the amount of gas is expressed in moles (n).

Entrance Exam Preparation
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QB Inspire Note - Chemistry 4 € Introduction to Gases

3. o eF ?@r’l{ AS T v-eFPT (Standard Temperature and Pressure - STP)
IHFT Q@?fc AG NAPT7 AZIPAA: ALTEONET am@NF fav-dt AG 4T (STP) 9.0 U-23-PT7

PA
~7

@*C%"‘L (Definition):

@ v/ 2§ ov-¢ (Standard Temperature): 0 °C = 273.15 K (g9 273 K)
v 2% 94+ (Standard Pressure): 1 atm (@g9° 101.325 kPa)

e C R VA VW JdiA0ed

O ANALYTT: OTAL PRTL TA ALL.PA IH eom? I STP (Molar Volume of an Ideal Gas at STP) 7
ATIOP LMmPTIA:-

v 0 STP © PA7L PPA (1 mol) P 175 @9 heL. A DN a°m7% (volume) 22.4 AC (L) 10!
v 1 mol of any ideal gas at STP occupies 22.4 L.

DO srs:

¢ STP 7 +C19° (0°C/273K &6 1 atm) &G PA7L A 2H aom7 0 STP (22.4 L/mol) NFAFuU- £h!
2y ANFLNP LTS NPT 1M9° mPol, 1@

Know the definition of STP (0°C/273K and 1 atm) and the molar volume of an ideal gas at STP (22.4 L/mol).
VERY useful!

M9 74! DALY A7LF3@OF P1LATO:) | LINTT ool F P WELT NEATTS mACT IC Ri110L5A =
ATV PONT U3 APING PIVIMPINT @7 AeT ON oA PPTF - 4T (P): aom7 (V)i oot
(T AT PPPA NHF (D) - hi1PAN S AVLFTF@ AG AONPFFO- IC AdFPO-PGTA: (PMLT°T 04T
Pr1m-7 STP a9 P9°AC a»m7 (| STP 7 AR+GA=

AU RILYT AN LPT hoP7: OPME I (AILY Pah fPTF aohhA PADT ATFIE POLIAGTT PHALE
£o1 VT (Gas Laws) - PNGAT FCANT JL-hAN: AT ADILC VIT7 - A9mSa7r: How does pressure
change when volume changes? How does temperature affect volume? Get ready for the Gas
Laws!

0Ck! o0l 070 GHTAA!

Entrance Exam Preparation
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2

9.9/1@17*1‘- - P& PaemTE Pavdd AG PPPA ATFIRT
The{@Laws - Relationships Between Pressure, Volume, Temperature, andMoles)

Aod
V)/N,« y

NI 0T (LANFLTU PH): LINTT WS PoLIAGTT hékT aAn P (P, V, T, n) ATGA=
AU7 L7 NAILY PANLPT avhhA PA®-T7 PhAN 771 (mathematical relationships)
PoLIAGTT £o1 VT (Gas Laws) ASmSA7= ALY V1T ¢H1T7F 1175@F 18F@ AG 195@-
N&A HooF N104 ALTENET 0FL4T NChD Porhe. °ANIPT (experimental observations) Ag
FaoACtH@- 10z KA ETSTS U U-AT arANLPTT A.£1571 AAeE U-ak 297, (constant) A7LUPH
£naa: Understanding these laws is crucial for predicting how gases behave under different
conditions.

1. 202A v (Boyle's Law) (2212 22 2121212 2221212 (P-V Relationship))

O e¢+T7i® 01917 2§ a»E? Nt neA (Robert Boyle), 175® n&A Hovyz
O vr 97 £AA? (Statement of the Law):

Vv PACICT 1135 Povdt oot (T) A5 20 N4+ (n) R, h*r (at constant temperature and
amount of gas): A7 ¢+oa1 M aom? (V) h 9é+k (P) IC ¢H1ALMT +avaia (inversely
proportional) 1@ &y “IAtT: Vbt LenI°C @mt SPTANE bt AP0 Mt LanI°C-A (A
&TT NTMI°PO RTLTLPI0-) =

English Core: Boyle's Law states that for a fixed amount of gas at constant temperature, the volume
(V) is inversely proportional to the pressure (P). (As P increases, V decreases, and vice versa).

O 2ha0 A1446 (Mathematical Expression):

v LT Feaairt: Vo 4 (%91 T, n)
Vv eUTT OL KA NIPRC: V =% @F ky %L dvC 109
v eI NSO FNNA: PV =k (109" 290 T A n ARE P4 AS foom’ N 9L 10-1)

Vv AfnT 29 Tmearm- (Most useful form for calculations): A7€ 2H hae@avsf v-z3 (P, Vy)
@L aplq U3 (Py, V) (0291 T, n) htded:-
PV = RV,

O 9¢-& (Graph):

v PvsV (270 T, n): ¢7Lama@- hca 72TC0A (hyperbola) -
v P vs 1/V (27, T, n): P7LOm@ +7+5 avpevC (straight line) A7 i@ e @-=

O 9°an. (Example Problem - English):

v Problem: A sample of oxygen gas occupies a volume of 12.5 L at a pressure of 95.5 kPa
and a temperature of 25 °C. What volume will it occupy if the pressure is increased to
108.8 kPa, assuming the temperature and amount of gas remain constant?

O eeano- ovg+4 (Solution):

Vv PATICT T3k
1. ¢HAM77 AT P9LLATID7 ASTT RGO

aaaEE C_ K/~ XU Jd el
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A8 Inspire Note - Chemistry 2 53 Gas Laws

<I&y'ft’lal State (1): P, = 95.5kPa, V4 = 12.5L
<6” Final State (2): P, = 108.8kPa, V5 =7
\7 5 % ROVLPE: T RS n (LU PNLA U9 aoPrT LALA)=
72, AT @7 pav R PV = PV,
S 3. aTLan1es avan.g (V) Pavet AShvihbA: V= B0

4. PIPET W7t AG ASNA: (P41 AVRT 4avaag aoPSTFE®F REDIT - ALY AL U-AE9° kPa
f.‘-'Far)( kPa) x ( )
95.5kPa)x (12.5L
Vo = 108.8kPa
Vo =~ 10.97L

English Calculation Steps:

% ldentify given: P; = 95.5 kPa, V; = 12.5 L, P, = 108.8 kPa. Find V5. (T and n are constant =
Boyle's Law).

% Use formula: P,V = PVs.
% Rearrange for V5: Vo = (P V1) / Pos.
% Calculate: V5 = (95.5kPa x 12.5L)/108.8 kPa = 10.97 L.

DO s4s:

LA U7 (P A5 V H1A0LmT: T, n £90) &G +avs7 (PV] = P,Vs) hod!

2. PFcAn v (Charles's Law) (ZR227 22 ERER EREER (V-T Relationship))
O e+17@ 0717 15 eE? h FcAn (Jacques Charles), 185@- heA Hovy aogn, LA
O vt 9°7 2AA? (Statement of the Law):

v PATICT 738 P4k (P) AS £21 AHF (n) %91 W' (at constant pressure and amount of
gas)? PhA7L ¢t@ar oMU em7 (V) h Aowt evdd: (T MAW7!) IC ¢7+5F +ovaary (directly
proportional) 1@-= v MAtT: ovdk (MNLANT) LRI°C o°mr LMI°C-AE avdf (P70 om¥
LPTAN (AR &T7 NGPPO A7L7LOMLD) =

12 English Core: Charles’s Law states that for a fixed amount of gas at constant pressure, the volume (V)
is directly proportional to its absolute temperature (T in Kelvin). (As T(K) increases, V increases, and vice
versa).

O ¢h.a0 A74A6 (Mathematical Expression):

v PG teaayyt: V < T (299, P, n) (T 0 K!)

v LUTT @L RirAF NI1PRC: V = kT (01 ko ®91. ¢7C '100)

v eUTT OSNThhA: % = ko (TINT9°: 99, P A9 n ALT Parm+ AS PANONT ovph: @-LC £,
1@-1)

Vv AfnT 29 1mearm- (Most useful form for calculations): A7€ M haegavse vz (Vq, Ty)

@L aplq U3 (Vy, Ty) (N2 P, n) htded:-
i_ Vs
T T T
(T; &9 Ty MNLAQT a7 ANDTF@-!)

O ¢4 (Graph):

Entrance Exam Preparation
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A8 Inspire Note - Chemistry 3 53 Gas Laws

1040 0 K h'7m,? aom’+ ®L 0 LmIA - N7L4 vA)=
g;é T (0 °C): +P+F aohavC 103 1IC U7 i@ 0°C hLLAT®I aPOavsF @L HA Npava)
AW 7315 °C AL ¢ V 7 079 £&4CAA (&Y LA NONT BC VANT7 LmTne-A)=
&fm (Example Problem - English):

v Problem: A balloon contains 1.5 L of air at 22 °C. If the balloon is cooled to -18 °C,
what is the new volume of the balloon, assuming the pressure and amount of air remain
constant?

O eano- avg b4 (Solution):

Vv PATICT 1%

1. ¢FAM77 A5 P7L4.0107 AL
% Initial State (1): V4, =1.5L, T} =22°C
% Final State (2): 1, =7, Ty = —18°C
% ROULPE: P AT n (&Y PFCAN U aoPr7 LALA)=

2. a7 0L nAG7 ¢2C! (ABSOLUTELY CRUCIAL!):
%= T1(K) =22+ 273 = 295K
% To(K) = —18 4273 = 255K

3. ThaG @7 bavC RI9°%T: % — %

4. ALLNID- ool g (V,) PavsF AGhthhA: Vo = V) X %

5. PIPEY a7th AT AGNA: (vl (| K aoP'r7 ALIT!)

— 255K
Vo =1.5L x 23K

Vo =~ 1.3L (av¢-k ALY aPm'+9° PTANEI TCTHI° LATNA):=

English Calculation Steps:

% Identify given: V; = 1.5 L, Ty = 22°C, T, = —18 °C. Find V5. (P and n are constant =
Charles’s Law).

% Convert Temps to Kelvin: 77 = 22 + 273 =295 K; T, = —18 + 273 = 255 K.
% Use formula: V1 /T = V,/Ts.

% Rearrange for Va: Vo = Vj x (Ty/T1).

% Calculate: V5 = 1.5L x (255K/295K) ~ 1.3 L.

0@ é1T9:

eFcan v17 (V a§ TK) +715: P, n £90) &S Poos7 (Vi /T = Vo /Th) hok! avp1F oL NAN7T
aPeCT F2-9° A TCor!

3. ¢22-nan v (Gay-Lussac's Law) (221212 212 B2 PRI (P-T Relationship))

O r17@ 0917 15 ®E? Zo& 22-aah (Joseph Gay-Lussac), 195®- NG Havy avgavyex
O vt 9°7 2AA? (Statement of the Law):

e C R VA VW JdiA0ed
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2
Py

i’h"‘lc§;-34.d‘1: taomr (V) &S 20 i+ (n) £99, h'r (at constant volume and amount of
gasiPRTL PTONT DU T (P) 1 hADNT avds (T MLATLT!) OC $P4F +avmary (directly
15 portional) 1@= Ev “IAT: evdF (MLAGTY MLMICT TCLNNE (FTIT AATLTPAPNS

2407 ANAM DA AT L1U1PT OATLavE Uk LamI°eAL avdk (P70 1t SPTAA= (AN

(éf N9 6% OO £AT I NSPPO- RILTLPID) =

&

English Core: Gay-Lussac’s Law states that for a fixed amount of gas at constant volume, the pressure
(P) is directly proportional to its absolute temperature (T in Kelvin). (As T(K) increases, P increases, and
vice versa).

O 20 A1446 (Mathematical Expression):

v

v
v
v

P t+E trooa Mt P o< T (299, V, n) (T n K!)
eu77 L WhAJ O1PLC: P = k3T (o1 k3 291, &vC 10-)

U777 Osh-thhA: % = ks (MIAT9°: RV ARG n AR: P2t AT PANONT avpk @-&C £,
1))

AONT 292 Tmear@- (Most useful form for calculations): A7€ 2N hav@avse v-id (P, Tp)

oL aomlq e (Py, Ty) (0291, V, n) htded:-
b _ P
T T:
(T1 &5 Ty MNLAG.7 97 AAVF@-!)

O 9¢-6 (Graph): P vs T (0 K) (92, V, n): ¢oLOAm@ ¢7+5 ovhooc (straight line) M7 eide-
hhe nan7 o=

O #°an (Example Problem - English):

v

Problem: The gas in a rigid container has a pressure of 3.50 atm at 20.0 °C. What will
the pressure be if the container is heated to 50.0 °C?

O eean@- ovg+4 (Solution):

v

PAYICT 1175
1. ¢HOMm77 AS P7L4.A107 AL:

% Initial State (1): P, = 3.50atm, 7T} = 20.0°C

%« Final State (2): P, =7, T5 = 50.0°C

% RULPE: V (rigid container) A§ n (&Y ¢2&-AAh v @Pr7 LALA):
2. opF7 @ ALY 2C! (MUST!):

%= T1(K) = 20.0+ 273 = 293K

% T5(K) = 50.0 + 273 = 323K

3. thhnFe-y ¢avc nigoer: D=1
1 2

4. ATLLNID oo P (P,) Pave7 ASHHFhhA: P = P x L2

5. PIPET Wt AT ASNA: (avdk: (| K ooPr7 ALIT!)

323K
Py, = 3.50atm x 553%

P, ~ 3.86 atm (a2 NARoPl V6t9° RI°ZAE TCTI° LOAMA)=

—Jodd L A SV A rad
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%géhéflsh Calculation Steps:

% ldentify given: P; = 3.50 atm, T} = 20.0 °C, Ty = 50.0 °C. Find P,. (V and n are constant =

\, Gay-Lussac’s Law).
&J % Convert Temps to Kelvin: T = 20.0 + 273 = 293 K; T, = 50.0 + 273 = 323 K.
@7 % Use formula: P, /T) = Py /T.

% Rearrange for Py: P, = Py x (T /Ty).
% Calculate: P, = 3.50atm x (323 K/293 K) ~ 3.86 atm.

DO s1s:

2e-can vr7 (P A5 T(K) ¢715: V, n £91.) A5 Par¢7 (Pl/Tl = Pg/Tg) AOE! avp 1y @OF
NAG7 oPeC7 152.9° ATCH!

4. PAEDLC v (Avogadro's Law) (B2 217 21212 PI2I21212 (V-n Relationship))

O te0@- 0177 1§ @E? A718.4 AG2LC (Amedeo Avogadro), 195@- N§A Havy aoEavs e (aoAget
NCE NAA FLI1mA) =

O vr 97 2AA? (Statement of the Law):

Vv PATICE 11 fovdt aomt (T) RS 94k (P) %99, hvr (at constant temperature and
pressure): PA7L IH e°m7 (V) h LI PA A+ (n) IC +7+5F +avmayy (directly proportional)
10 LY T Al 2N PacT (merC? €rC (MFordade T RS P)i D P9LLHO aom7?
[ TaaR AV ¢

English Core: Avogadro's Law states that for a fixed temperature and pressure, the volume (V) of a
gas is directly proportional to the number of moles (n) of the gas.

O eh.a0 A74A6 (Mathematical Expression):

v PG Faaaypt: Vo< n (299, T, P)
Vv eVTT OL AnAJ 0WIPeC: V = kyn (OF kg 271 €TC 109)

v 2VU7T7 AThTNNA: % =ks (0TI 29 T A9 P AL Paomt 4G PPNk @-£C 291 10 - 2y
PAC aom7 (Molar Volume) 1@-!)

Vv AT 292 TmPava- (Most useful form for calculations): U=t PHALE IHT (1 A 2) Ntaraqng,
T AG P AL hii @RI A& IH havfavsf ypid (Vi, n;) 0L oomlh v-ad (Vs noy) (1292, T,

P) hitPed:-
w_ V¥

ni n2

O A7£9°3 (Implication): £V v “1A+ +apaag awm7 (equal volumes) LAF@- ¢+ALE IHT: (+avaag
fav-d aomy AG 14T (at the same temperature and pressure) @0at: -+araag PAh@-AF
(e9° Pa-F) N1t (equal number of molecules/moles) 2eHA “IAT 1@-! LY NMNF° @A VA
10!

This means equal volumes of different gases at the same T and P contain the same number of molecules (or
moles)!

O h STP 2¢ LA@ 77t 2V v9 1@ (I STP (0°C, 1 atm) AS P75 @ 9° KGL.LA IH A1L TA
amy 22.4 L et #°nret! (V/n)sp = 22.4L/mol.

—Jodd L A SV A rad
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O an (Exgé/gp{e Problem - English):

v/ Pfgbtem: "If 5.50 mol of Helium gas occupies a volume of 123 L at a certain temperature
\ nd pressure, what volume would 12.0 mol of Helium gas occupy under the same
> _}‘conditions?

@@ PP an @ ao§ Ty (Solution):

Vv PATICT 1%
1. ¢HOM77 AS P7L4.AT107 AL:
% State 1: n; = 5.50mol, V; = 123L
% State 2: no = 12.0mol, V5, =
% RULPE: T G P (LU PATDLC Y oot PALA)=
2. ThRNF @7 PavC Wier: L= 2
3. ATLLA10: avan g (V5) avsd AERFRNA: Vo = V) x 22
4. PIPET Wrth AG AGNA:

_ 12.0 mol
Vo =123L x 2500y

Vo =~ 268L (PPA T NAenaPl aPm'+d° enI°ZA)x=

English Calculation Steps:

% ldentify given: ny = 5.50 mol, V; = 123 L, ny = 12.0 mol. Find V5. (T and P are constant =
Avogadro’s Law).

% Use formula: Vi /ny = Va/na.
% Rearrange for Vy: Vo =V} X (na/nq).
% Calculate: V5 = 123 L x (12.0mol/5.50 mol) =~ 268 L.

DO 45

PACILC V17 (V AS n ¢715: T, P 291) A§ Povs7 (V) /n = Va/ng) h@4! »Equal volumes at
same TP contain equal moles” ?9L.A®7 @A A7£9°F AnJ@-(! h STP molar volume (22.4
L/mol) 2C AfLeht:=

5. ¢t+¢5¢ 221 v (The Combined Gas Law)

O 77 107 WAL L0SF@7 (ANET VT (0BAT FCAN: J28-kdh) 9912458 (combines) v 1@-x
ot T (n) €90 ¢S 1IC 17 P, V, A5 T -9 \.¢£04% LADT ITFrT PALA=

The Combined Gas Law merges Boyle's, Charles’s, and Gay-Lussac’s laws for situations where P, V, and T all
change, but the amount of gas (n) remains constant.

O 20 A1446 (Mathematical Expression):
LV = ks (71 n ARt ks %91, 100)

O annt 29 mearw- (Most useful form for calculations): A%& 21 heoBavsg v (P, Vi, Ty)
@f aomlq e Py, Vi, To) (%72, n) hidPs:-
PV, _ RV,
Tn

(T1 A9 Ty ONAGT o7 AAVF@-!)
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O moLrt: G&/ Chk AN ePT (P, Vi, Ty, Py, Vo, To) A%0E +0P+0 ALNTEOT ATITTF
fnTr Cé‘p}\ SU-9°7 MY PooC AL MAET VT S0t SFAA (A9°an T 299, hwPi T,=T, NA“LP7
ASIEFAD) =

9

This formula is very useful when n is constant but P, V, and T change. You can derive Boyle’s, Charles'’s, and

@7 Gay-Lussac’s laws from it by holding one variable constant.

O 9°an. (Example Problem - English):

v Problem: A sample of neon gas has a volume of 752 mL at 25 °C and 0.985 atm. What
volume will the gas occupy at 50 °C and 1.200 atm?

O ean@- ovgby (Solution):

v PATICT 17135
1. Ag:
% Initial (1): P, = 0.985 atm, V] = 752 mL, 77 = 25 °C
% Final (2): P, = 1.200 atm, V5 =7, T, = 50 °C
% ®9: n (0t AATPPL9°) = Combined Gas Law
2. a7 oL K +2C!:
* 171 =254 273 = 298K

%* 15 =504 273 = 323K

PVi _ RV,
3. ¢ar(: T =

4. 0 Vo hivihha: Vo = V) x 5 x 2

5. ANA: (P A V AUET +anm,e. @OPGFDT AT - bk atm 102 eom’+7 | mL ovto-
RTTANTT aPAN9° I mL LormA)
0.985 323K
Vo = 752mL X §90050 X 568%
Vo ~ 668 mL

English Calculation Steps:

% ldentify given: P; = 0.985 atm, V; = 752 mL, T = 25 °C; P, = 1.200 atm, T = 50 °C. Find V5.
(n constant = Combined Gas Law).

Convert Temps to K: 77 = 298 K, T, = 323 K.

Use formula: P,V /Ty = PVa/Ts.

Rearrange for Vo: Vo = Vi x (P1/Py) x (Ta/TY).

% Calculate: V5 = 752mL x (0.985atm/1.200 atm) x (323 K/298 K) ~ 668 mL.

*

*

*

DO s

PHPSEDT LU v Pooc (PV, /Ty = PVa/Th) wok! avf aome9® w7800F0- (n %41, v§ P,V,T
ML+ P4%) AG oo b7 OL NAGT PPPC P& U7 AdJ 0!

NN 74! NALY A7L T30 PI°TLATID-) : (hét P10 oAl fPT (P, V, T, n) avhhA fad-7
AYFIE PUL1AGTT POl 3P P91 VT (Gas Laws) tavAntGa:-

O Boyle’s Law: PV, = PV, (at constant T, n)
O Charles’s Law: V; /Ty = V,/T5 (at constant P, n; T in Kelvin!)
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O Gay-Lussgé/j/Law: P, /Ty = P»/T, (at constant V, n; T in Kelvin!)
¢
O Avog ’s Law: Vi/ny = Va/no (at constant T, P)

=N

O ?ébil’lEd Gas Law: P,V; /Ty = PV, /T; (at constant n; T in Kelvin!)
°

_VRIHY VT 00Nt U3 PTF 29 AP 10 09L0% T TIC 17 Rék9° AN LPTF (P, V, T, n) (A7E
L PATFOF ITFIT POLIAD AS PU1I5 @790 DU U3 AP POLENTA ATL AmPAL U POLAITA=
£U PALL.PLA DN v (Ideal Gas Law) £NAA:=

LUTT O PALS.PEA U ¥ (PV = nRT): ¢2H 27.0<7 (R) AS hHw v IC ¢+£L0H NChF mPa,
AAAT7 (PAC 710 AGRD2T “INATT 9°C) NTAPT ASm5A7= Get ready for the most important
equation in gas chemistry!

0ck! o1 vIT7 ovnlt 017110 EHTAA!

Entrance Exam Preparation
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PERBALA DU U KS LLH AMAT - 00T hbS baoC

The IgggKGas Law and Related Calculations - The Universal Equation)

7

4

[CMIALY A7 F0-¢ PPTLAIDL: PORAT FCAND DL-dh WG AOILC VIT7 +torantsas
ALTSTST O VT (U-AT PN oeah PPT (gas variables) ahhA PA@7 ITFrE £ALNE MNE 17
%99, (constant) @P7 AAVF®-= TIC 7 WTenOF 23 PF: A LH 24+ (P)i aom7 (V)i vt
(M A% PPPA 1T (D) V-9 NATL AL AAPOM ORI A JOF CTAN: NALYVI AILYT AéET9°
AN PPT (A7L AL 9912157 (relates all four variables) A7& AmFAL PavC POLAITA: LV
PALLS.LA N v (Ideal Gas Law) £OAAI (IHF NoLATE @A NN ANdAL AS ONGT TP
AL P9.@-A PovC 1@-! Get ready to master the powerhouse equation: PV=nRT!

1. PhL%.2A 2H v (The Ideal Gas Law)
> vAalr (The Idea): PALS.LA I v PbLav-17 U V1T (NEA: Px1/V; FCan: VxT; At p&E¢: Vxn)

NA7L AL PAIF°¢.A= LYI° PA7L IH aom7 (V) hiPA Ak (n) AT hAaNoat ook (T) IC P75
+avay i (directly proportional) A.P7: heéE (P) 2C L9 ¢H1ALMT +avmaPy (inversely propor-

tional) a7 PALA: Voo 2
> ¢avs. (The Equation): gu77 +avqait @ ah-AJ aavdec: theS.fA IH £ (Ideal Gas Constant)
PULOA %91 #TC (R) KTmPoINT:- V = R
LVT7 NSO TNAD WIT D7 PRALL.LA IH VD AG15NT:- PV = nRT
v/ P = 94+ (Pressure)
v V = oom7 (Volume)
v/ n = A 1+ (Amount in moles)
v R = PhgS.LA DN %91, (Ideal Gas Constant)
v T = Al0nt+ oot (Absolute Temperature in Kelvin!)

English Core: The Ideal Gas Law combines Boyle'’s, Charles’s, and Avogadro’s laws into a single equation
relating all four variables: PV = nRT.

> K8 20 JH?  (Ideal” Gas?): &V v (FhhA P7L0E-@ ALSSA DN (ideal gas) a9°7ao-

N7L4.-00 LLE AA 21U 10 ALS5. A IH “I0F:-

1. P21 TCEANCT AEATF@- 9°79° aom7 PATF@-9° (negligible volume) (ha @ aom7 A79C) Nae
S0N0A =

2. 20 TCHhMT avhhd 9°79° ALTTF PavyI9° P1 Pav144 T LA PA9° (no intermolecular forces)
e &I00A

00 (A@H5 DT - real gases) AILY U-ak A°FT avpe (oo ThhA 0EPH°: MHPHT 4T
(low pressure) A§ Nh&4+%F oo+ (high temperature) v-33PF @NT: CAOTFT IBT VS hALLLA
IH U 2C NNP° LPLLOA= DALY &V v NM9° mPl 1@-= The law strictly applies to an ’ideal
gas” (negligible particle volume, no IMFs). Real gases behave most ideally at low pressure
and high temperature.
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2. vm&m@m #99. (The Ideal Gas Constant, R)

> I @ R neanc 0 P, V, n, 1§ T avhhA PA®7 +ava )l @f ah-ArF P91.¢8C Otavn¥yt
* \(groportionality constant) y@-:

>/§”;6«w
&

AG AUS (Value and Units): ¢ R ¢EPC PD P9°TmPar@- (194F (P) A6 Neem7 (V) AUET AL
LFas apt (T) v-ALE MnAQT (K)F 8t (n) £929° U-ALH QA (mol) a7 Aa0t!

v 0NHE PPI° AL PT0NT © R PIOPT:

1.

R = 0.08206 751 A (4T 0 atm? eem? 0 L AU - LUTT 0L LiF!

2. R=8314 2 (ARICET () MoLenTH AT 2C MNGE AFan NhIER £PE)
3.
4

R = 62.36 LI19 (44,4 ¢ mmHg/Torr?: @m? 0 L .U

. R =8.314 kPedm” dm (2&+ 0 kPa: eom? O dm? (L) a.wr7?i 1dm> = 1L)

17 English Core: R is the ideal gas constant. Its numerical value depends on the units used for P and V. T must
always be in Kelvin (K), n must always be in moles (mol). Common values: 0.08206 L - atm/(mol - K) and
8.314 J/(mol - K). Ensure your units for P, V, n, T match the units in the R value you choose!

DD 215: 00T LI PP TOP0TT ¢ R P2 0FRDA lme! PFA@TUT P, V, T, n AUST h R
AUET oC T1m@9® (match) AANTFU-z ANdAL P71 A@a (conversion) ALCT! T v-ALH NNLAT.7Z!

3. PALS.LA IU VT Neemed® an-+T (Calculations Using the Ideal Gas Law)
ey ¢avC hhlk oA 2PT (P, V, n, T) otk A.J0O% A&H507 ATITTT POTAA=

> Example 1: Calculating Volume (V)

v Problem: What volume, in liters, does 0.850 mol of Nitrogen gas (N2) occupy at 1.37 atm
and 45 °C?

> PPPAND- avGi T

v PAUICT 1%

1.
. T oL K ¢oc: T(K) =45+ 273.15 = 318.15 K. (Using 273.15 for more precision)

. TARAF®7 R 47 P 0 atm? V 0 L dAvt? R = 0.08206 L - atm/(mol - K) Rrmeoiny:
. #aocC: PV =nRT

. AV Adthna: Vo= BT

. ANA:

N U A W N

Ag: n=0.850mol, P=137atm, T =45°C. Find V (in L).

(0.850mol) x (0.08206 L - atm/mol - K) x (318.15 K)

1.37 atm
V ~162L

V=

English Steps:
% Given: n=0.850 mol, P=1.37 atm, T=45°C. Find V.
% Convert TtoK: T =45 4 273.15 = 318.15 K.
% Choose R: Use R = 0.08206 L-atm/(mol-K) because P is in atm and V is needed in L.
%« Use PV=nRT, rearrange: V = nRT/P.
% Calculate: V' = (0.850 * 0.08206 * 318.15)/1.37 ~ 16.2 L.

—Joda ARSI A
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5

> Example 2\/ lculating Pressure (P)

v Prdbl v
7a 5.00 L container at 30 °C. (Molar mass of COsy =

géwm,m- PG

& o enmer 110
ag: Mass m = 15.0g of COy, V =5.00L, T =30°C. Find P (in atm).
T og K +ec: T(K) = 30 + 273.15 = 303.15 K.

1.
2.
3.

N O g b

n 7 ANA (Calculate moles): 1 PV=nRT @OT ’n’ LALATITA= hl OL A ATPLC:

: Calculate the pressure (in atm) exerted by 15.0 g of Carbon Dioxide (CO3) gas

mass

15.0¢

- Molar Mass

~ (0.3408 mol) x

T 44,01 g/mol

& Ideal Gas Law

44.01 g/mol)

~ 0.3408 mol

. FANAT®-7 R 9°7: P 0 atm? V 0 L dArr: R = 0.08206 L - atm/(mol - K) KrmeoIn7=
. ¢avc: PV =nRT
. & P Adthha: P =i

. ANA:
(0.08206 L - atm/mol - K) x (303.15 K)

(Recalculated with 303.15 K)

5.00 L

P~ 1.70 atm

English Steps:
Given: m=15.0 g CO,, V=5.00 L, T=30°C. Find P (atm). Molar Mass (M) = 44.01 g/mol.
Convert Tto K: T' = 30 4 273.15 = 303.15 K.
Calculate moles (n): n = m/M = 15.0g/44.01g/mol =~ 0.3408 mol.

*

*

*

Choose R = 0.08206 L:atm/(mol-

K).

Use PV=nRT, rearrange: P = nRT/V.
Calculate: P = (0.3408 % 0.08206 * 303.15) /5.00 ~ 1.70 atm.

> Example 3: Calculating Temperature (T)

v Problem: At what temperature (in °C) will 0.250 mol of Argon gas occupy a volume of

10.0 L at a pressure of 850 Torr?

> PICANM@- av§TY:

v PATICT 7L
1. A2: n=0.250mol, V =10.0L, P =850Torr. Find T (in °C).

2. 4. PALS.LA DN v U718 AmP+T (Further Applications of the Ideal Gas Law)

? PV=nRT PorC7 N7I0-+hhA AT mPol ool PTF7 977+ W7 TANT:-
% (V) 221 PAC “10n (Molar Mass, M) “1nA-t:

(37) BT

<o PPA ANE () ol “I0 (m) A hPAC “I0e (M) 2C B1SFA: n=m/M.
- I PV=nRT eothit: PV =

e C R VA VW JdiA0ed
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mRT
AN M=——
& i
\)7 - Y PaoC PATLT LA O JH PPAC “10 Novhe- (P, V, T, m Neeaht) A%10P POTAA=
A‘f - Derivation: Start with n = m/M. Substitute into PV =nRT = PV = (m/M)RT.
@7 Rearrange for Molar Mass (M): M = (mRT)/(PV).

% (A) 221 A%2T (Density, d) “1nAt:
- ool Ae2T (d) “0T 0 (m) A eem7 (V) ALhéA 10 d=m/V.

- hPAC T bovc nthhA: h M = Z8L ag m/V 7 AFe- wGo-ae-:

Mmoo PM_m
RT PV RT V
© PAG DT PovC:
- PM
RT
- B oo PATLT DU AEIT 100G AL e PTF (AT PAC “10-7 hOPT) ATINAT
L V-%

- Derivation: Density d = m/V. From M = (mRT)/(PV), rearrange to get m/V:
PM/RT = m/V. Therefore, density of a gas is d = (PM)/(RT).
% Example 4: Calculating Molar Mass (M)

- Problem: An unknown gas sample has a mass of 0.846 g and occupies a volume
of 354 mL at 100 °C and 975 Torr. Calculate the molar mass of the gas.
% P9°AN@ avqiTY:
© PATICT 1735
Ag: m=0.846 g, V =354 mL, T'= 100 °C, P =975 Torr. Find M (g/mol).
AVETT hivEhhA!:
V =354mL =0.354 L
T =100+ 273.15 = 373.15 K
P =975Torr x 7610“%'(’)% ~ 1.2829 atm
R #°47: R =0.08206 L - atm/(mol - K)
Pavc: M = mHEL
ANA:

5 om0 20 T

(0.846 g) x (0.08206 L - atm/mol - K) x (373.15 K)
(1.2829 atm) x (0.354 L)

M =~ 56.9 g/mol

M =

(7 English Steps:
- Given: m=0.846 g, V=354 mL, T=100°C, P=975 Torr. Find M.
- Convert units: V=0.354 L, T=373.15 K, P = 975/760 =~ 1.2829 atm.
- Choose R = 0.08206 L:atm/(mol-K).
- Use formula: M = (mRT)/(PV).
- Calculate: M = (0.846 % 0.08206 * 373.15)/(1.2829 % 0.354) =~ 56.9 g/mol.

DD 245: ehg8.LA 2N V17 TP PAC “I0 RS AEITT KI%IE TNAT KILILFA
AOE! PavCEEG v fH ®©LYI® h PV=nRT 1@t avFAz @047 “0+hhA7 AtCh! Know
how to use the Ideal Gas Law to calculate Molar Mass (M = (mRT)/(PV)) and
Density (d = (PM)/(RT)). Remember unit conversions!
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" 4

é&
&

4

% AT FOF PPN U7 APGE P17 CALA. LN DN VT (PV = nRT) ROt PO-PGA:
SALLPEA IH 2907 (R) &G PRLFT7 ANLALTT TaoARtSA: LU77 U TmPavd ¢HALR
PoH AN LPT7 (P, V, n, T) A7%T A7L9°GAA N9°ANLT ALTCA= NTam149°F iy vI
N1t eIH7 PAC 10 (M) A% a&2T (d) a7% 1T TINAT ATLI°TTA TI°LGA
PALLS. LA JH U AATE ALTT IH Sav§ (\WP7 10 TIC U7 N LH P9°STT @ 20T LNAP
(mixture of gases) (A9°An APC) 1@<x (ATEHY ALTT LANAP ONT PALT4TS IU bt I°7
PUA 10?7 mPAA VdEN AT T SNAA?
NPME NeA ¢ 2SAT7T PhéA 4T v17 (Dalton’s Law of Partial Pressures) 4§ hoHT
eANAP IC eHLPH AFTT AGMEAT: ATLU9°F PIHTT QUe hPPAN@-AFFo- WIP0 S0 IC
PULLITTO7 Phith Paha-Ac 1P¢ (Kinetic Molecular Theory) a7oeahd-a7:

e C R VA VW JdiA0ed




EHUE

ERALS

AB Inspire Note - Chemistry 1 ‘& Mixtures & KMT

e o %m\:r AS PPANGAC KTPOL0, - PAATT U RS NiEhtPe
Gas @Xtures and Molecular Motion - Dalton's Law and KineticTheory)

&

Q MMNFOTo (LANTETU- PH!: PATLT ALTT REA.LA 1l (ideal gas) Wé N PV = nRT davC
FaANTGAE TIC 17 HLTPCE U1 NANEF6 DNOTE DT AN LH 7L 1&NAP (mixtures)
oo 1@ (A°AN PIPTHISA® APC PTLTCETE ANNETE ACTTE NCOT SLANALE O LAY
10°): 3807 (A7LILY ALTT L£ANAP OAT PALTSTSH I ANTPOA 9°F PUA 107 mPAA kN
W78 LOAAA? LUTT PILAANNT LANTT PhéA 14T v (Dalton’s Law of Partial Pressures)
10z PPmAI°: PINTT WS (Adt: avdti OHT) h PANO-NFFO- R7P0P0 (molecular
motion) JC 71215 7®7 AS AU VT a0l erio-7 Phrth Pahe-ac P4 (Kinetic Molecular
Theory - KMT) a§mS§a7= Let’s understand how gas mixtures behave and what’s happening
at the molecular level!

1. P8AT7 PhéA 2141 v (Dalton's Law of Partial Pressures)
O et+7170 0°17? E7 SAa47 (John Dalton - PAReLN LPL@ A@-1)
O vr 97 £AA? (Statement of the Law):

v PATICT T73E: ACA OCH NLhAR SANT? 09724.74 (non-reacting) PIHT LANAP @OT:
PNAE mPAA 4T (Total Pressure, Piy,) 0£NAER @O LAD PALT757% IJH héA 1T
(partial pressure) £9°C 2C AlrA 1@ PAL7487% JH héA At (Py, Pp, ...) “lat £ 2N
NFo7 s (if it were alone) £7r+ aom7 (V) A5 v+ (T) LGN TC P9LT LD At 1@

English Core: Dalton’s Law states that for a mixture of non-reacting gases, the **total pressure (Protal)**
exerted is the **sum of the partial pressures** that each individual gas would exert if it were present
alone in the container at the same temperature and volume.

O ¢eh.A0 A74A6 (Mathematical Expression):

v &A% o1 A, B, C, ... LeN:-
Pigtat = Pa+Pp+Po+..=>_ P
v ¢t Py, Pg, Po ... Pa81815% D0 W&A AT GTFo-=

O h&A 9417 (Partial Pressure) “10A-t:

Vv PALTSTST DU LA bt ATITTT PALSLA I VT aomdI°® WTTANT:-

_ naRT
Py =l
pPp ="t ont

Vv T ny, np ... PALTSTS% IH LA M 1o (R, T, V ALNAE lovf R7& AL STm )=
O hra 07 (Mole Fraction) 2C PA®« YFF1T:

v Pa «4n7 (Mole Fraction, y): PA7L 21 (A%°Ah JH A) PA &0 () “Iat L 21
A AF (ny) ALNAER MPAA PPA AHTF (N = na +np+ ... = Y. n;) LhEA PTLTT@ @-&C
b [

__ _na — na
XA Ntotal na+np+nc+...

% (NFON: U9 PA §LNHTT £9°C UALE 110 y, +xg+xo+..= S xi=1

Entrance Exam Preparation
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PA:XAXPtotal

X)ég.& LLNINT?
P e nAV]'DL L hq P total — ntm%}RT

@7‘ Py _ TLART/V _ na _
Protal Niotal BT /V. Ntotal XA

NARLY Py = x4 Piotal

English Core & Formulas: The partial pressure of gas A (P4) is the pressure it would exert alone.
Piotal = P4 + Pp + .... The mole fraction of gas Ais x4 = n.a/ntotal- The partial pressure is related to
mole fraction and total pressure by: P4y = x4 X Piotal.

O h7& PHAmL AmPP9°: INT (@7 AL aaNAN (Collecting Gas Over Water):

v Ui a- (ANEFE ot AN L BT 27L0a000-T @77 N emT (displacement of water)
10 (LY LH P7LA0NNO N ha-/o- 2910 e@-7 -+t (water vapor) IC SPAPAA=
Vv 28AFT U ATIC: (AF® @0 PAD mPAA LA (D) (NH@7 LE ho-sp hao- ehaq,
APC AVt Pagm 2C hhed 10°) ¢ LLd N héA 1t (Pgas) ARG 0@-Y@ 11t hdA T (Pao)
LP°C 1m-:-
Piota1 = Pgas + P20
v/ Pyoo (Vapor Pressure of Water): f@7 vt 94+ foL.001@« (1ov¢+ oo’ (T) NF 1@ Poo-
hiafe wIml T (tables) 215 A=
v Ot PRLET DU Mt (Pyag) ATT1TTH:-
Pgas = Piotal — PHZO

When collecting gas over water, the collected gas is mixed with water vapor. The total pressure inside
equals the partial pressure of the dry gas plus the vapor pressure of water at that temperature: Pioia) =
Pas + Puzo. The vapor pressure of water (Pyz0) depends only on temperature and can be looked up.

O Example 1: Calculating Partial Pressures and Total Pressure

v Problem: A mixture of gases contains 4.46 mol of Neon (Ne), 0.74 mol of Argon (Ar),
and 2.15 mol of Xenon (Xe). If the total pressure of the mixture is 2.00 atm at a certain
temperature, calculate the partial pressure of each gas.

O etrano- aoey:

v PATICE T

1. mPAA PAT ADA ()
Tiotal = MNe + Nar + Nxe = 4.46 + 0.74 + 2.15 = 7.35mol

2. PALTATST DN PA ST AA (V)
YNe = e = 246 ~ 607

Ntotal 67732
. NAr __
Xar = qo0 = 735 ~ 0.101
Xxe = 72e = 242 ~0.293

("‘ld.?'l"'l 0 607 4+ 0.101 4 0.293 = 1.001 = 1D

3. PALTATST DN NdA 1t ADA (Py = x4 Poa)):
Pne = XNe X Piotal = 0.607 x 2.00atm ~ 1.21 atm
Par = xar X Piota1 = 0.101 x 2.00 atm ~ 0.20 atm
Pxe = Xxe X Piotal = 0.293 x 2.00 atm ~ 0.59 atm
(@212 1.21 4+ 0.20 4+ 0.59 = 2.00 atm = Piptar)

—Jodd L A SV A rad
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%g/;héfish Steps:

K»fj % Calculate total moles: niota) = 4.46 4+ 0.74 + 2.15 = 7.35 mol.

\\f % Calculate mole fractions: yne = 4.46/7.35 =~ 0.607; xar = 0.74/7.35 = 0.101; xxe =
@ 2.15/7.35 = 0.293.
@7 % Calculate partial pressures using P4 = X 4 Piotal (Where Pita = 2.00 atm):

+ Pye = 0.607 x 2.00 ~ 1.21 atm.
- Ppr = 0.101 x 2.00 = 0.20 atm.
- Pxe = 0.293 x 2.00 =~ 0.59 atm.

% Check: 1.21 + 0.20 + 0.59 = 2.00 atm.

O Example 2: Collecting Gas Over Water

v Problem: Oxygen gas is collected over water at 22 °C and a total pressure of 754 Torr.

The volume of gas collected is 155 mL. The vapor pressure of water at 22 °C is 19.8
Torr. Calculate the partial pressure of the oxygen gas and the number of moles of oxygen
gas collected.

O eranm- avgby:

v PATICE T

1. ag: T = 22°C, Piota = 754 Torr, V = 155mL. Find Ppy; and ngz. Given Pyyo =
19.8 Torr.

2. PANNETT A 141 AdAd (Ppo):
Ptotal = Po2 + P20
Pos = Piotal — Pazo = 754 Torr — 19.8 Torr = 734.2 Torr

3. PANNGETT A 0T A%ITTTF (ngy) ALALA IH Y7 TmPI®: AU-7 P9 Imbad® LAANET7
944 (Poy) 10!

4. RULT7T hdthnA:
% Poy = 734.2Torr x 328 ~ (.966 atm
% V =155mL = 0.155L
% T =22+273 =295K
% R =0.08206L - atm/(mol - K)
5. ¢avC: PooV = noa RT
6. A noy AMTMAA: noy = K02V
7. ANA:

_ (0.966 atm) x (0.155L)
102 = (0.08206 L-atm/mol K) x (295 K)
noz2 ~ 0.00618 mol

English Steps:
% Given: T=22°C, P,ts1=754 Torr, V=155 mL, P,0=19.8 Torr. Find Py, and nop,.
% Calculate partial pressure of Oy: Po, = Piotal — Ph,0 = 754 — 19.8 = 734.2 Torr.

% Use Ideal Gas Law for O, only. Convert units: Po, = 734.2/760 =~ 0.966 atm, V=0.155 L,
T=22+273=295 K. R=0.08206 L-atm/(mol-K).

% Use Po,V = no, RT. Rearrange: no, = (Po,V)/(RT).
% Calculate: no, = (0.966 x 0.155)/(0.08206 x 295) ~ 0.00618 mol.

—Jodd L A SV A rad
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PAAKYT U9 Te8 (Pl = 3" P)# N&dr U847 WPA ST IC #1880 (Pa = xAProra))® M
m@vf«f, AANAD POYT T 4T aobIn RISANTU- DI -0
N o4

o

2. fhrth Pahe-ac 12¢ (Kinetic Molecular Theory - KMT)

O 977 107 ¢oH VT Oovhe. FTF VT §Fo- (empirical laws): JIHT A7%F A7L7LPH L1A N
ATE AT ATEH RTLTLPE AL KMT L9° L2077 vé N PPAh@-AC £4% (molecular level)
ATHE-ET PULPPAC PLA (model) 1@ ey EPL MhLS.2A 21 (ideal gas) A9°+F AL ¢taondt
1@<z

The KMT is a model that explains *why* gases behave the way they do (as described by the gas laws) by
considering the behavior of individual gas particles (atoms or molecules).

O ¢ KMT P ?5 ava9°+F (Key Postulates of KMT):

1.

7 EhA aom7 (Particle Volume): ¢9M TCHhneT aé-AFo- PAF@- aom% (volume): OTCEhaE
oA haa- (4 cPt (large distances) A79C (.38 AHY “10 P7LOA ALLAY" (negligible)=
AHF O o1 oom? 04 (1 J 1@-=

Gases consist of tiny particles whose individual volume is negligible compared to the total volume of the
container.

. PTCENA RTP0P0,. (Particle Motion): 2910 TCEnAT LATIRLTE (P RS (HL$L (constant,

rapid, random) (¢P+F aehorC L7+APAN:= APNBTFD- 099, $PL0 NAa-T TCHNAT OL
hado L4 IC \oas OF 10

Gas particles are in constant, rapid, random, straight-line motion.

. 2T (Collisions): NTCHENNE avhhd G WTCEIAES (AP0 €984 avhhA 0908471 1B+

2.9° hAnth (perfectly elastic) §F@= &v 10T 1Bk OPF 9°719° ALrE Phrkh AICE,
(kinetic energy) ALm49° (°79° K707 WATS TCLNA OFL pAG: AFANE (LTAT)=

Collisions between gas particles and between particles and the container walls are perfectly elastic (no
net loss of kinetic energy).

Artcrane-ac 3eaF (Intermolecular Forces): N2H TCEhaeT avhhA 9°79° ALrt ParadNy°
1 Por 144+ SLA PA9° (no significant attractive or repulsive forces) -+ &J3n0A= TCLanE
ACH OCH T&0F AL M1t L7Padan:

There are no significant attractive or repulsive forces between gas particles.

a7 F AG With AICH, (Temperature and Kinetic Energy): £2M T CLhaT Aothe ehith
AICE, (average kinetic energy, KE) hot hAfioat oot (T (LAWY 2C +PH5F +Hovaay
(directly proportional) 1@z

KE = %m@ x T
P+ m ercthn TN w2 eEPTE A-BC A%The 10-):
eV TINFE (IHaAage avdt AL P U-A9° JHT (T1ATF@- OHALP (LIPT9°) Harang Aothe hith
hICH, hAT@-!

e C R VA VW JdiA0ed
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SN
T }av\érage kinetic energy of the gas particles is directly proportional to the absolute temperature
< @' vin). At the same temperature, all gases have the same average kinetic energy.

=N

<%K*MT N VIT7 Wit PNee-A? (How KMT Explains Gas Laws):

&

941 (Pressure): T CEhnT L8007 avg°d-F (collision frequency & force)=

NeA v (P o< 1/V): V (70 TCENNT 0ADC LH L0507 hALovk Q9+ e0HA — P
LI A\

Fean v (V < 1) T Aemd°C: TCECT 0GP 27PAPan: 180807 (NAM DLA SavF -z
P 99, a78.0°7 V aoAmT AN

22-fcan U1 (P xT): T Len9°C: TCEhNT MEPrE &7PAdAn: L9807 NNAM DLA AT
LN gavgpz V 299, Zr1 P Len9°c-A\ =

A2 v (V x n): n Lend°C: AN TCHANT L0507 gavdp: P 299, 278097 V aoAmT
ANQT=

SAFT U (P = Y. P): TCthaeT Ach 0CH +%0F Na“1£aL4 (postulate 4)F Af747% JH
NVtT PILETLD MAeFE ATAMA PT 10 mPAA Vot PIANAN VT €9°C 10-:

00 &T5:

¢ KMT7? A9°0F PGS PS avA9™+F (postulates) a@&! KMT a7+ £9U vIT7 A ¢I0T7 Qve
NPANDAC £LE WILOLEANLL 1% NFAL Novdt (T) AG MA“TE Lith AICE (KE) oohhA
L0077 PPHT UTFPF A0 @-(!

C L < < KX

Know the 5 postulates of KMT. Understand how KMT explains the macroscopic behavior of gases (pressure,
gas laws) based on molecular motion. Remember the direct proportionality between absolute temperature
(T) and average kinetic energy (K E).

3. PPANOAC &P1T NCPT AG L4177/ K417 (Molecular Speeds, Diffusion, and Effusion)
O ¢t&+1t ncee-t+ (Distribution of Molecular Speeds):

Vv (A7& P21 Gov§ @O Pi U-h9° TCERNT (A7E AT 71t AGTPAPNI°: ATSTLE NM9°
M7 ATSTEE NMNP° PCé4F ANMHFE L9 NovATF Pt 7 Padan:

v ¢ (T) Len9°C: Ph“TME & 711 (average speed) A P&11+T nCT (distribution of speeds)
gmoe-a (NCH- @L +% LAMMA)=

Not all particles in a gas sample move at the same speed. Increasing temperature increases the average
speed and spreads out the distribution.

Vv PAc 7 (M) AP0 (teeaag et Ag: #AA (lighter) e ST (P45 M) hhag (heavier)
IEF (W&TF M) 0A“The 06T @7Padban (PN7e4E° KE = fmu? AUv-h9™ BT (e T AL
Tavdag, P hANT):

—Jodd L A SV A rad
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At the same temperature, lighter gas particles move faster on average than heavier gas particles.

* 9°an: H2 h O2 NM9° 4.M7% 1@-=

O #.4%r7 (Diffusion):
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v A é&'{f: TP NC TCERCT (0N 44T hhetE hg Tt (high concentration) @£ WP+
h?ﬁ@ low concentration) nAA (eP0é-ant PorPAbA LLF 1@ (A°Ak: ¢hiF mCorn ALhit
TAG (NG ong4T)=

N>

v

n\f

Diffusion is the process by which gas molecules spread out and mix with other gases due to their random
Qy motion, moving from a region of higher concentration to lower concentration.

O K.4%r7 (Effusion):

v FCA°%: 9N OFFT #8545 (tiny hole @@9™ pinhole) At hh&+% 14+ hAA ©L NPT
Ut (OLI° GTNRI°) NAA PI°AT LT 10-x

Effusion is the process by which gas molecules escape from a container through a tiny hole into a region
of lower pressure (or vacuum).

O ?9¢99° A4/ %47 v (Graham’s Law of Effusion/Diffusion):

v U (herddg oot avmT RS LTI PRI DN PASNT (0890 L4 Tt (rate of
effusion/diffusion) hqPac “10- (M) dh-RC 4+ (square root) IC ¢H1ANMT +ovaa (inversely

proportional) 1@-:
1

Rate Vo
v Ut JHF7 (A RS B) ns19ec:

Rates __ Mp

Ratep M s

v FCTIR: PAA DBT (HPHF M) hhaf JpF (heHF M) 0§71 2400/ S0P !

Graham'’s Law states that the rate of effusion (or diffusion) of a gas is inversely proportional to the square
root of its molar mass (M). Lighter gases effuse/diffuse faster than heavier gases.

00 é.T4:

P47 AT A4HTT TCTHI° W@k 094797 V1 +ovC (Ratey/Rateg = \/Mp/My) +é5% KS
+tmea 1tz PAA JOH EPIE A7LL4L ANJO«(x!

Understand diffusion vs. effusion. Know and apply Graham’s Law: Rates/Rategp = /Mp/Mj,.
Remember lighter gases move faster.

4. RO FF JBF ARG hALS.LA NWé aoHig: (Real Gases and Deviations from Ideal Behavior)

O ANF@N: ALS.CA JH VU1 &G KMT O(U-AT PGS PG A9°HT AL Cov\ldi: 1) ¢TCLhA aom7 LA
(Postulate 1)¢ 2) IMFs ¢fa-9° (Postulate 4)=

O a1 horts JHF (real gases) TCENAFF@ 71 LPT9° oom7 ANF@: W750-9° (lavhhATFo-
t+ag O.dede) £held® (.7 IMFs AATFo-:

O hhgsL.eA Qe oowis: (Deviation from Ideality): A@-1+§ JHF hhLS.LA IH v P L.m0Po-7 QUL
P LART av’E @7

v M het+§ 4+ (Very High Pressure): 9d-k 1M9° Lend°C: TCERNE 0M9° LPbe-l0h:
OHY Lh:-

e C R VA VW JdiA0ed
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1. ¢ éﬁﬁ/‘"’ﬁ AT PAT@ aom7 mPAAD- o7 ATIC FA 99L0A ALU79° (Negligible
64 me assumption fails):

\é oohhATo- ea@- IMFs (0-+Ag LDF) AV ersA:= (No IMF assumption fails)=

(é AANM9 NPt+T ovpt (Very Low Temperature): ook 0M9° \+70: TCEhE (N9° 0 NAd-
L£rPadan: (LY LH:-

1. IMFs 7CEnaeE? R7£ AL A%1281 PNAm ALA £15n (No IMF assumption fails)= (o @£
LA APPC LTAA!)x

O a7 &c PAN AhAJ (Van der Waals Equation): Pa@1+F J0F7 Qe 0-+HAA v-F Aavans:
PALSLA I V7 P7LEATA Ah-AJ 10 2y Ah-AJ ¢TCEhT7 aom? (0 °b’ £99) G ¢ IMFs7
1005 (01’2’ %9) W9°T LO1A= (PoP&T aPAI°LEL ALNLATD BTAAL TIC U7 VAT aPLST T4 10°)x

(P +92)(V — nb) = nRT

@0 &T5:

Re8.0A 0 °7 RILPT (A°FET) AOkz AOHF JBTF oo’ haALS.PA GWE W7L7LHTT (High
Pressure, Low Temperature) a5 A9°7 a7L07 (Particle Volume becomes significant, IMFs
become significant) +é&4!

Know the assumptions of an ideal gas. Understand that real gases deviate most from ideal behavior at HIGH
pressure and LOW temperature because particle volume and intermolecular forces become significant under
these conditions.

Entrance Exam Preparation
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A8 Inspire Note - Chemistry 1 &9 Liquids & Solids

2

LAEF RE MACT - PPCA POTINCT KRG PFLEE @PPCTH

¢

g@@iuids and Solids - Close Interactions and Ordered Structures)

N 0T (LANTELTU- PR POPTT (Gases) 0& AT Mi17rF PoL7PAPn AN
TanptGTA: AUT LA TCEANE SOAT PtPeLt (closer together) AG PA7THCIPAN.@-AC
2e0eT (IMFs) 4665 M9 h&+%F (much more significant) evr1F@-7 v-a+ PO U-23PT -
&A0F7 (Liquids) A mAcT7 (Solids) - ASmGA7= IHT QANHT @ 90 VITF (L106-9°F PLATT
AS PmACT Ve NPT 27L00N 10 W TCENAE ALTE RS NevhhAFo- qam- ¢ IMF 77he 10+
Let’s explore the condensed states of matter!

. &ATT (Liquids) (P22 212 RRRERE RREREE (Close but Mobile Particles))

av(\ (. 3P OYé (Basic Nature):

Vv TCEAE (Paho-A-T) ACH NCH STk @g9° (M9 ePe-l0k:=: IMFs m7hé hoorrsTFo- o114
TCEANE R78 AL T22HD R75.8% LLCINE LYI° P10 a»m7 (definite volume) A749.5 ¢ Tm-
POTAA =

v 1IC T TCERNE 77 mac Fen 03 2304 (fixed) ARLAI°: AU-T9° PaviPadn (move) AT
ACH OCh PavFieTT (slide past each other) N¢ Wikh AICE AAT @ guP° LATT PToNT $Co
(definite shape) A78L8F ¢ F@ AG PPH-T7 AP PCO W74.LH (take the shape of the container)
PLCITPA=

v NN NPT Pavgnavd Foaed- (low compressibility) AATF@- (9°n749° TCENE ¢ PO
nng° ¢tmo2r SFo-):

In liquids, particles are close together (definite volume) due to significant IMFs, but they still have enough
kinetic energy to move and slide past each other (no definite shape). They are nearly incompressible.

PLATT EAF WELT AS h IMFs 2C PAT® 1771t (Key Properties of Liquids & Relation to
IMFs):

v 211t 941+ (Vapor Pressure):

% TCA%%: N 02 @O A LAT NAL P7L17@ ©90 (Frt) bt 10 P9 L8.meD AT
2201 PANOAT N hrEh AICE A19t@- LAl 10 hP°Ame- (escape) @L IHrt (L4
(‘trt - evaporation) j@-:

% h IMF 2C fA®@ 77rt: IMFs imThé (1) €PC: PANLG-AT hLAt ATI9°AT AATLTF14:
eHrE Ak ePTAA ()=

Vapor pressure is the pressure of the gas above a liquid in a closed container. Stronger IMFs mean
fewer molecules can escape, resulting in lower vapor pressure.

% haodt 2C PA@- ITFIF:. oot (T) Aend°C (DF A PAN@AT A%19°AT £7120TA hith
RICE NA“LETTHE 011t 1k LanI°C-A ()=

Vapor pressure increases significantly with increasing temperature.

v/ avg.¢ 9 (Boiling Point - BP):

e C R VA VW JdiA0ed
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2
5

* WL: £2.4T 11t 4T (vapor pressure) ha@-<p- hA@- ¢haN, APC <14+ (atmospheric

Spressure) 2C AlFA PP ool oo 10 (LY ovbti THE 0LAT @O0 (oo
{\An1& A4 - bubbles) gameé-Ax

- \>‘/ % h IMF »2Cc fa@- 7F1t: Stronger IMFs — Lower Vapor Pressure — Higher Boiling

Pointz IMFs m7h¢- hWPe: 1t 44k NP5 GPSA: ST A4k W@ A4t IC Rird

@7 W77 NETEF avdpl PRELAIA:

Boiling occurs when vapor pressure equals external pressure. Stronger IMFs lead to lower vapor
pressure, thus requiring a higher temperature to reach boiling point.

Vv OCé.0n 707 (Surface Tension):
% TCATL: 24471 10 (surface) A A7Lt+Oms AN $9 PaoPT WS 2167 N4+ Aavdin Pavaa
e (@7 m0FPT A9°7 1l APP7 A7L9LPNG PAE-E-A)=

% h IMF 2C fa®- 17F71t: Stronger IMFs — Higher Surface Tension# (f°Ah.@a=F avhha
PA@ oyl OMTNE BPCE 910~ POMC Lo C-A

Surface tension is the resistance of a liquid’s surface to increase its area. Stronger IMFs lead to
higher surface tension.

v anbact (Viscosity):
% TCATL: 240N PN T aoRL9° (resistance to flow)z (?@-¢4? - thickness)

%= h IMF 2¢ fa®« 977k Stronger IMFs — Higher Viscosityz fPah.@«a=T ach 0ch 01L70
NEeeHT NPAN ALTNCTEIC: LAT APEAN STF16Ax RPANLGA PCOT° T00FT hAD-:
P PANONT NPAA EmANGA)=

Viscosity is the resistance to flow. Stronger IMFs make molecules stick together more, increasing
viscosity.

DO ss:

PALT8 ST WS TCrP° nod: v-ae9® (h Vapor Pressure/Volatility an++c) h IMF #7hé oC
PP+ VTFIE RTAATFO AnJ@<0! (Stronger IMF = Higher BP, MP, Surface Tension, Viscosity;
Lower VP).

Know the definitions. Remember: Stronger IMFs generally lead to higher BP, MP, Surface Tension, Viscosity,
but LOWER Vapor Pressure.

2. mMcT (Solids) (PRI PRI ERRR ERRREE (Ordered and Fixed Particles))

O aope e aueé (Basic Nature):

Vv TCEAE (AHPTE PANGATE 09 AETT) NM9° PP L0 AG IFHONTE ACOT MAD- A LB P T
(fixed, ordered arrangement) @0t £304 (locked) §F@-:

v ¢+ont #Co (definite shape) AG ¢+@nt1 aom? (definite volume) AATFo-:
v TCTEAneE (R, 0 JFo- Ag NF L7PmeNn (vibrate) A78, N3 ALPLI°x

e C R VA VW JdiA0ed
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2

v (1"19"@;4‘7:‘ forgn,avd Faed (very low compressibility) (h&AT9® £10) hAF@-: 3
& D)
<7 :
'>/ n solids, particles are tightly packed in fixed positions within a highly ordered structure. They have ;
(é*\f definite shape and volume and only vibrate about their fixed points. They are essentially incompressible. 4
N\
)
emaC AT (Types of Solids): mAET N@NMFD- an-t TCENNT ALLEET avnst Ov-at 6 ]
PG NENT LhéAn:- 3
)
(0) nenragt mMcT (Crystalline Solids): )
* AOPPC: TCEANE (M OCYT AA@-: 09007 AR 0191.2.2179° (highly ordered, repeating)
aa 00T 8L9UFN7 o PPC (NehFA At - crystal lattice) ¢+248. GTF@-=
%= (WS IA U1 LaoPA<m 17 (sharp, well-defined melting point) AAF@- (MA7L PTON:
ot CPAMN): ALANG A LH m&EM4 12T (flat faces) AT A6 A7n-F (definite
angles) PAT® RCTLE>TT L4 Tlfx
% NPT mo- (NaCl, a%C (Sucrose), AA“MH (Diamond), BG+MH (Quartz), ANHFE
NEAT =
Particles are arranged in a highly ordered, repeating 3D pattern (crystal lattice). Have sharp melting
points and cleave into smooth faces.
(A) AfPcén macTF (Amorphous Solids):
% AOPPC: TCLANE 9°79° AL1TE NC%T QA@- (no long-range order): (H&+L P1L4-5
STFm:= An A7L PHPH 40T GTF@-=
% VS 1A PP Pardnss, 17 PAT @9 (19°+h A.9°¢ ¢ (PN LAdAAA (soften gradually)==
M.AN% PAFNTNDA (irregular) 103 PAT® RCTELTT L4 TENx
% AnPT: Nce$ (Glass), Tanth (Plastic), an-th (Rubber), a9 (Wax)=
Particles lack a regular, ordered arrangement (like a frozen liquid). Soften over a range of tempera-
tures (no sharp melting point) and break into irregular fragments.

O thendag? macT 70-0-h211F (Types of Crystalline Solids): hénzag7 macTF 0Ath 1P0FFo-
(lattice points) A& N“LTFT ¢TCENA ALITT AT NovhhATFo: qad- 29120 DL (17L& @9 IMF)
a0\l AT LhéAn:-

emANC ALYT TCENT 0AEh AL 9100 DeA awe et NPT

1. Afzh (Ionic) Z'HtAa A% 2ka AtZh 07L& m7heé 17 0eé: het+s  NaCl, MgO,

h*ST (Electrostatic MP/BP: 0. PAT/0.9.7. CaF,, KNO;

Attraction) o PO-tAAGA

2. PAN@-AP PANO-AT IMFs (LDF, ANAA: NPT+S MP/BP: H,0 (n4#),

(Molecular) Dipole-Dipole, hnTen AEOTAAGI® COg, I, Sugar
H-Bonding)

3. PAaA7t 2 HPCh AT haart 07T Mg m7hé- (Very AATTH (O),

2 (Covalent Network) (Nz+2ch) Hard): nm9° h&+F n,c TN (Si0o),

JB

bﬁ MP/BP: hthitéh SiC
= ALNTANGT® (h91e-4-27T

d: nnt4c)

i/#
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< | [
tmac hert OV TCEhF 04t AL ML 30N weer PanPF
4. "LFan <@\/ ZHEa PNt AeST  Ah 078 PTALe PINLE Fe, Cu, Ag,; *
(Metallic)\>7 (»?’Electron Sea”’) aAmT/ama i P4 Na, Mg, Alj&
2 ANTAAL \
N\ (htbnTeh/ovd 1) )
@’ P9 eNLPCP ] 1
2
) g |
) &

DO srs:

NHeNFAL7 A5 NATCLN mACT arhhd PA®7 PG ARTT (order) A@®: Phé-k7 PhénFAL7T mac
ALTET N9°1 Ak AL PAT7 TCLERNTT 9100 3T PG PG WLLTFDT: RS PANLPTT avpgt

avFh AANTU-!

Know the difference between crystalline (ordered) and amorphous (disordered) solids. For crystalline solids,
know the four types (lonic, Molecular, Covalent Network, Metallic), the particles at the lattice points, the
bonding/forces involved, their key properties, and common examples.

NAILY A7E 3 @d I°FLANTID! PIHTFT AAY° 17 @L LATT &S mACT ?P+am51P”? An9° 1M1GA =
PL.A0°F7 #AF VLTt (Vapor Pressure, BP, Surface Tension, Viscosity) 45 h IMFs 2C fATF®@7 0P
A7FrE FerANTSAE PmACTT UAT PE PGS ALTET (14NFAL7 2GS ATPCLN) AS Phl-k7 thenFAaLy
MAC 70-0-ALTHT (AtZhT PANGARE DAATT 2+PChi "L 0TCEhvFF o 17928 3eATFo-

AS NMWELTFD ALHGAx

LUTT NEA NSMSPP: PN ANAR U-3F3PF (DU 44T mAC) (AW 0 TCEME hith AJCE,
(av¢F) G NovhhAFo- ap@- LarhyQ S>8A (IMFs) evhhA aa@- 9147 (balance) A7L91.00F +L&T5A
£v ¢ Physical States of Matter FT+C “ImPAfL 1@





