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TABLE 2.5
& Name Formula Name Formula
\ Mercury(l) or mercurous Hg,”" Permanganate MnO,
' Ammonium NH, " Nitrite NO,~
7 Cyanide CN™ Nitrate NO; -
J Carbonate (o0} Hydroxide OH
Hydrogen carbonate (or bicarbonate) HCO; Peroxide O
Acetate C,H,0,~ Phosphate PO~
Oxalate (Mo Vo Monohydrogen phosphate HPO,’
Hypochlorite Cclo~ i S H.PO,
Chlorite Clo,~ Sulfite Nolom
/ Chlorate Clo;” Sulfate SO
Perchlorate ClO; Hydrogen sulfite (or bisulfite) HSO;
Chromate €O Hydrogen sulfate (or bisulfate) HSO,
Dichromate Cr,0,* Thiosulfate $,04%

s




TABLE 2.4 | Common Cations of the Transition Elements

lon lon Name lon lon Name lon lon Name

cr Chromium(II1) or chromic Co** Cobalt(I1) or cobaltous o Zinc }.
Mn** Manganese(Il) or manganous Ni?* Nickel(Il) or nickel Ag' Silver

Fe*' Iron(11) or ferrous Cu’ Copper(l) or cuprous Cd®" Cadmium

Fe' Iron(ll) or ferric (T Copper(1l) or cupric Hg*' Mercury(Il) or mercuric

Uiy anmonia Sifly Silane Mo nitric oxide
Ut g \\U&ruzinc Botg  Diborane -

(>l’c5 Phosphine Chy Metane H2S '“deﬁcn Subide
Cl  Chlerine

Cly0z — Lichlorine Aep}q)(fic not »\CP"0.0')GQC

5"0; - BI’OMQJLC
LiBrQy, — Lithium Bromilc




CH-3 Calculzbion s wi'th Chemical Formula.
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Combustion Analysis
Compounds containing

carbon, hydrogen, and

oxygen, can be burned + Carbon dioxide and water are separated and weighed

completely in pure oxygen separately

gas. — All C ends up as CO,

Only carbon dioxide and — All'H ends up as H,0

water are produced — Mass of C can be derived from amount of CO,

e.g., Combustion of + mass CO, — mol CO, — mol C — mass C

methanol (CH,0H) — Mass of H can be derived from amount of H,O
2CH,0H + 30, » mass H,0 — mol H,0 — mol H — mass H
2CO, + 4H,0 — Mass of oxygen is obtained by difference

» mass O = mass sample — (mass C + mass H)

9. Moecular Formule from Empiyical Formula
T calalate Mr for e Co)npauagﬂ ow its Ewmpirical Formula from Pmccﬂlc Tabie
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ConJUif_'ly s olulion

to strony clechnolyle 2- Weak- clechrlyte
« electro lyte thut dicsocdes 108/ jubze  x When dissolve d juth® a sma)l
» dfel& qzuaaus soluhiowy, that conclucts PCfCen/?ft 0\0 molecules  Yonle=d)

cectricity x Veakly conduct clectricity
+ Tomic compamds , yaci, Luo, + weak acids B bases
» s')-/c_aye ch‘cds / beses Acetic Acid CHsCoold 5 Amonia. V3
Table 4.3 Common Strong Acids
and Bases
Strong Acids Strong Bases
HCIO, LiOH
] H,S0, NaOH

KOH

Ca(OH),
Sr(OH),
Ba(OH),




. Mone _ electtolyi -
a substaut thaf dissoluz ju #50 *Ojlbf a yon Cao/uc/fz] of
worl cancﬂuc{;i'y solution -

— moleCUes  [femain intact in solutron  ex-%
— Alcohot ( ﬂ{(/}ltzno/} Etbicnn o/) 7 Urea

ex- KiG> ¥t Tof
x KyCL soluble but
Y9,Clz iusoluble

#most aleshols a:
put \-\u_.zy am nok be c\ecHo\lyfrj
like CHzO#

» Benzen CCQ Hs) and

(Cety,) re

tusoluble

_ Solub’nl\-\j fules For Tenc Compouncgs
x Not al| e lectiplye

are (ofiic substances

# polyatonic ions rewain

Table 4.1  Solubility Rules for lonic Compounds
Rule

5

®© o W

\

_ Molecwlar equations

+ To form the Net equation we must delete the spectator ions from each side

* (aq) separated into ions in strong substances but in week substances it remains as it is( figer b& c)
* (s) & (L) & (g)not separated ....remain as it is & -

* The net equation for strong acid &strong base is always “(.’) +oH (g —> H20,

2300 28 op ch readtion g .—__3‘\@\::1
exc\mge M 2awnta Y, S o N
J _-3"‘9’“;9@3 adGay o so\Wdle N, cmious )
Speckator \ons
_sha py A5G S by, o
wek - touic egue Flon O\
- BaCly - ZnsSoy o BMSSH znCly

ugets ( lucose

Li*, Na*, K*, NH,* Group 1A and ammonium
compounds are soluble.
Acetates and nitrates are soluble.

Most chlorides, bromides, and
iodides are soluble.

Most sulfates are soluble.

Most carbonates are insoluble.
Most phosphates are insoluble.
Most sulfides are insoluble.

Most hydroxides are insoluble.

gz Tenic ezua};o

Net ionic: NHy(ag) + H*(ag) —> NH,*(aq)

solb\e ~—\
42 2 (———>
wetr tonic ey. — Ba 0y > Ba

sucfase)

Exceptions

AgCl, Hg,Cl,, PbCl,, AgBr, HgBr,
Hg,Br,, PbBr,, Agl, Hgl,, Hgl,, Pbl§

CaSO0,, SrSO,, BaSO,, Ag,SO.,
Hg.SO,, PbSO,

Group 1A carbonates, (NH,),CO,
Group 1A phosphates, (NH,),PO,
Group |A sulfides, (NH,),S

Group 1A hydroxides, Ca(OH),,
Sr(OH),, Ba(OH),

How mc(_ry e Form on the d&%ﬁﬁm&p
Uy Poy 2V, Misoy) 95

Pb CC'O?,),_ - SOIll.b'C

Ca(OH)s(aq) + Na,COs(aq) —> CaCOs(s) + 2NaOH(aq)

> Complete lonic Equation:

Ca**(aq) + 20H(aq) + 2Na*(aq) + CO*~(ag) —>

CaCOy(s) + 2Na*(aq) + 20H (aq)

spectator ions: OH™ and Na*

Ca?*(ag) + 20H-{ag) + 2Na*(ag) + CO?(ag) —>

CaCOy(s) + 2Na*{aq) + 20H{aq)

Ca’*(aq) + CO5*"(ag) —> CaCOx(s)

b. HC,H;0x(aq) + NaOH(ag) — NaC,H;0x(ag) + H.O())
HC,H,0,(aq) + Na*tag) + OH (ag) —> Na*tag) + C;H,0, (ag) + H;O(/)
HC,H,0,(ag) + OH (ag) — C;H 0, (ag) + H,0()
c. NH,(aq) + HCl(aq) — NH,Cl(aq)

lonic: NH,(aq) + H*(aq) + Cl-(aq) - NH,*(aq) + Cl-(aq)

)




There are many fjpcs o teactions

B PmC:')DH'QHou rea clion

tF the pre cipihete (colid]) Joes not
happen even F Yo recctaut exdrange their anions

2. Acid base

4.4 Acid—-Base Reactions

A solid ionic substance forms from the mixture of two solutions of ionic substance

An exchange (or metathesis) reaction is a reaction between compounds

MgCl,(aq) + 2AgNO,(aq) > 2AgCI(s) + Mg(NO,),(aq)

Reaction

v~ Acids have sour taste. Bases have bitter taste & soapy feel.

v~ An acid-base indicator is a dye used to distinguish between
acidic and basic solutions by means of color change

v Litmus: in acidic solution = red & in basic solution = blue

v Phenolphthalein: in acidic solution = colorless &

in basic solution = pink
Table 4.2 Common Acids and Bases

Name Formula
Acids
Acetic acid HCH,0;
Acetylsalicylic acid HC,H.O,
Ascorbic acid H.CHO,
Citric acid H,CH.O,
Hydrochloric acid HC
Sulfuric acid HSO,
Bases
Ammonia NH,
Calcium hydroxide Ca(OH),
Magnesium hydroxide Mg(OH),
Sodium hydroxide NaOH

Found in vinegar

Aspirin

Vitamin C

Found in lemon juice

Found in gastric juice (digestive fluid in stomach)
Battery acid

Aqueous solution used as a houschold cleaner
Slaked lime (used in mortar for building construction)
Milk of magnesia (antacid and laxative)

Drain cleaners, oven cleancrs.

« StrongAcid It ionizes completely in water. Examples - Hydrochloric acid and nitric acid
*  WeakAcid It partly ionizes in water. Examples - Hydrocyanic acid and hydrofluoric acid
* The hydroxides of Groups | A and 2A elements are strong

* bases. Except for Be(OH)2 and Mg(OH)2

Definitions of acid and base

according to Bronsted and Lowry

An acid is the species (molecule or ion) that
donates a proton to another species in a
proton-transfer reaction.

A base is the species (molecule or ion) that
accepts a proton from another species in a
proton-transfer reaction.

ten Yo reaction Lo port

NaCl + Fe(NO;), > NaNO, + FeCl,  (not balanced)
2NaCl + Fe(NO;), > 2NaNO, + FeCl,  (balanced)
soluble soluble soluble  soluble

2Na* + 2CI" + Fe?* + 2NO3™ - 2Na* + 2NO;™ + Fe?* + 2CI”

NaCl(aqg) + Fe(NO;),(ag) > NR

An acid produces hydrogen ions when
dissolved

in water.

HNO, (aq) ->H*(aq) + NO, (aq)

A base produces hydroxide ions when
dissolved in

water.

NaOH(s) >Na*(aq) + OH (aq)




o Mewlralization reaction
z4 reaction 012 an acid and] base //!Cb/‘ l/csa/{*s m
au jomic  compound and pessibly  wokcr

2HCl(ag) + Ca(OH)x(ag) — CaCli(ag) + 2H.0()  Driving force of reaction
acid base st

2H*(aq) + 2CF(ag) + Ca**{ag) + 20H (ag) —>

Write the molecular equation and the net ionic equation for the neutralization of hydrocyanic acid, HCN, by
Ca?*ag) + 2CH(ag) + 2H,0()), lithium hydroxide, LIOH, both in aqueous solution
Hmn (ag) —> H.0(1)

Het +Lied — LicU+ H:0
HCN(ag) + KOH(ag) —> KCN(ag) + H,0(/)

. i~ . ; - =
’ : ' H&(?fl)\*'bH'(aq)—'CN'(quH:O(l) HCM + m 0” — m CU ‘l‘ 'H 'ZO
~
gganc;o::) :lljt:eNH3 “ﬁf:;“""”Nfui"“’—*"‘”";jf"‘“"’ H C/U 4 OH S C A/‘ 4_ #2 O

H,0 \

H*(ag) + NH;(ag) —> NH,*(aq) -

) Acica Rase Reaclions with 9esc %{mcz”cn

Na,COs(aq) + 2HCl(ag) — 2NaCl(ag) + H,0(/) + CO,(g)
T.:':IQM mwm?:dsnme::wmmmumm (ag 4 g H:CO,(uq)(g
Carbonate (CO%) €O, Na;CO, + 2HCl— 2NaCl + H,0 + CO, Net ionic eqn. CO;*(ag) + 2H*(ag) —> H,0(!) + COy(g)
Sulfite (SO2°) SO, Nu;S0, + 2HCl— 2NaCl + H;0 + SO, i
Sulfide (§°) H.S Na;$ + H,S0, — Na,SO, + H,S ;/H\ N

O (ag) + 2H:0+(ag) —> HyCOx(ag) + 2H,0() — 3H,0(I) + CO(s

CaCOj; (s)+ 2HNO; (aq) > Ca(NOs3), (aq)+ H,CO5 (aq)

CaCOaj;(s)+ 2H*(aq) +2NO3(aq) >
Ca?* + 2NOs (aq)+ HO(l) + COx(g)

CaCO,(s)+ 2H*(aq) > Ca2* + H,O(l) + CO,(g)

* monoprotic acids: one acidic hydrogen; HCI, HNO3
* polyprotic acids: two or more acidic hydrogens; H2SO4
* triprotic acid H3PO4:

By reacting this acid with different amounts of a base, you can
obtain a series of salts:

H;PO,(aq) + NaOH(ag) —> NaH,PO,(aq) + H,O(/)
H;PO,4(aq) + 2NaOH(ag) — Na,HPO,(aq) + 2H,0(/)
H;PO4(aq) + 3NaOH(ag) — Na3PO,(aq) + 3H,0(/)

Salts such as NaH,PO, and Na,HPO, that have acidic

hydrogen atoms and can undergo neutralization with bases are
called acid salts
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Some Common Oxidation-Reduction Reactions

| ~= 1T
/ | —— S

!

Combination Reactions Decomposition Reactions Displacement reaction (also _CombUSt_'Of‘ reacton
s a reaction in which two substances s a reaction in which a single called a single-replacement is a reaction in which
zombine to form a third substance compound reacts to give two or  reaction) is a reaction in a substar}ce
2Na(s) + Cly(g) — 2NaCl(s) more substances which an element reacts reacts W'Fh DyRey)
2Sb + 3Cl,— 2SbCl, 2HgO(s) —2> 2Hg(l) + Ox(g) with a usually with the rapid
. ' 2KCIO4(s) —>» 2KCl(s) + 30,2) compound, displacing release of heat to
Not all combination reactions are Not all decomposition reactions ~another element from it. produce a flame.
oxidation- reduction reactions are oxidation-reduction in{olve an element and one 19 + 13045) — 5040 + K0
. : reactions of its compounds [Imust be
s i CaCO4(s) = CaO(s) + COx(g) oxidation—reduction
eachons 4Fels) + 304g) — 2Fe,04(s)

Cu(s) + 2AgNO;(ag) — Cu(NO;h(ag) + 2Ag(s)

etionicrxn.  Cu(s) + 2Ag"(ag) — Cu**(ag) + 2Ag(s)




what is tie &ival coucentvation o} Hel in a soluion

prepared by addition sl 922ml of Y-Z3M ke
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secl) s
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Total Mmoles
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what is the mass in grams of hydrogen atoms present in
5 molecules of water?
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CH -5 Gaseous sShxzte

Most substances composed of small molecules are gases under
normal conditions or else are easily vaporized liquids

Table 5.1  Properties of Selected Gases

Name Formula Color Odor Toxicity
Ammonia NH; Colorless Penetrating Toxic
Carbon dioxide CO, Colorless Odorless Nontoxic
Carbon monoxide (€(0) Colorless Odorless Very toxic
Chlorine Cl, Pale green Irritating Very toxic
Hydrogen H, Colorless Odorless Nontoxic
Hydrogen sulfide H.S Colorless Foul Very toxic
Methane CH, Colorless Odorless Nontoxic
Nitrogen dioxide NO, Red-brown Irritating Very toxic

Gas pressure andl its Acauremenk
pressure s The Sorce  exerted) pzr wnt area
o surface —> kd/m-.sp‘ - pascal (pa)
Fo m 3
pressufe s coin (93 mm in @dius and 2@)
f = mass )9 }_> p= _%

Afea = T

The jeueral rclah‘anship Wotween e pressulz (p)
and gkt 1) of a ligid column in o
baremeterr or mahomeler |s P:jaeh

A barometer~ is a device s mcaswm'_ry the
pressure o he atmosphere . '
\ \ A monometer is o device that measures
ﬂ% er, pfcssurc 00 a 3(15 of ll\zul'ap,

in o vessel.




The plfesufe 5Q- o gos w a

Table 5.2 Important Units of Pressure

8‘\%\( s Me Clsu(‘coq, to be TTEE Unit Relationship or Definition
' . ’ Pascal (Pa) kg/(m-s?)
mmﬁj . LUM is this pl’&ss?ufe h Atmosphere (atm) atm = 1.01325 X 10° Pa = 101 kPa
Pasce. | auaa cibmo .SPhe/L’ . i deimitkly = Rim
Bar 1.01325 bar = 1 atm

EWIP“I fical Gag laws

Boyles law —s P U= constank ~ for gioen amount of g
ak ?i&ea& Temperature

The yolume o) a sanple P g of a guen tenperate vafies
twersely with the applied pfessure A o &

Table 5.3 Pressure-Volume Data for 1.000 g 0, at 0°¢
PV = constant > P,V, = P,V,
30 s P (atm) V) PV
& a3 ~o 0.2500 2801 A 0.700
§ Bikaen E s 0.5000 1.400 0.700
S Wowe -4 = o —
! ! 0 025 050 075 100 2 0.75(“) ()'9333 § ()'7()()
0 025 050 075 100 ",“_“u;t_am'
Pressure atm) i % 1.000 0.6998 | Z. 0.699
) =
Lt e e o " . £ 2.000 0.3495 |% 0.699
r‘{)..) (“S AN TESEIR AN \k\U t G..bne‘-‘ 2 3
z 27 S i "*.;'] W 5| 3.000 02328 |E 0.698
e8xna\Wd (P e Q‘.\&J\ = 4.000 0.1744 | ° 0.697
¥ 5.000 0.1394 0.697

Ghouloc bl > _g‘__.—_comsku\&_, For giden amound o2
gas at Qgiﬁeaﬂ Plessure
Ug = UL - Tt covet T=°C 4 3723= K
T Tc
Absolute zero is the
Point iw which a
skk(ctt'jlﬁl:—\iue SYGP\A
o4 versus Tk
tuberseeks tre

origin- T : —
3 ¥ L‘-25() 200 -150 100 -50 0 52

Temperature (°C)

0.6

Volume (L)
=




A 23wy sample of caffoine gies 101 cn® o 1y gas at 33C
LOM& 7‘(6"7”1@ . What is Hie volume s Vo at dc and 7b0mn67?

The Question J;ucs us e mass Jugdt Yo kel s \'\L@!’.’ flee amounr
N 8a5 is qoustaf s we &"“If hwe to use (A

Avcgﬁcﬂfofs law ' — fc"\’"\dt/ e abiaH77 Plessure \5‘:2?995‘-\”‘13
\. Teuch chemist \K'ose‘b\\ Lows G-y Luassac chluleg er’om =
e;\pcra'mem‘s ot qas feacktions—s Twe \ow s cuqb'\@ volumes
2. Ezu,a,l volumes ci Cyfy tlwe (90/JC_S at 4’1{6’ Samé }fmpf/d}'ult DWWL

pressufe cowtain. the same number’ of mole cul.
2. STP . standlard 'Yi'wpera/‘!ll‘c % pressurc (oc & \ai'm)

Y. sleans Yot cone mele of Mag'jq:, eﬂuﬁ[é 29.YL

A“°3&&V0'5 \aw > Vg = apg,dgic, c,ousl-auﬁ' =224 Limol o+ STP

e \ded Gas \aw = PU=nRT™ > |k -°c+ 973

atm & ‘\’ \J Y - ©-089
L moleS ‘
L> BUI’ \“/1_ llUfSHOMS Hﬂcﬂ— ConS'IS"E

S we put it SR= Q.31

Gas D‘"Sjb'-* PMu=ART
MNolecul ay W&Iﬂ\CZM [De)t’l’minmffon Cmfj
(g /mol)
?Q is the dewsity o fe

gus M&ZJ/_L

The gas thek has e greatest
density s Y 3Veaésl- Mr




\Whenever the g ues tion, syes oxyyes,

it is Oy so Mr=32 not 16

Calewlde the wotum of 7Yy Uy at STP 5 v=nRT

P
0/‘29 Calculcb!e I‘}tc ﬂwﬂbﬂ"’
of moles they -- -
lod us:'j C{Uaaa'tﬂfe.

{ mole = 22-Y
oWy~ X

5.4 Stoichiometry Problems Involving Gas Volumes
6NaN,(s) + Fe,05(s) > 3Na,0O(s) + 2Fe(s) + 9IN,(g)

Calculate the volume of N, generated at 80°C and 823 mmHg by
the decomposition of 60.0 g of NaN,

A
—p lYﬂP
Exercise 5.9 How many liters of chlorine gas, Cl,, can be
obtained at 40°C and 787 mmHg from 9.41 g of hydrogen
chloride, HCI, according to the following equation?

2KMnO,(s) + 16HCl(ag) > 8H,0(/) + 2KCl(aq) + 2MnCl,(aq) + 5Cl,(g)




1 o .
GQ-S ﬂlfh(r@ - law Pafﬁalf PfCSSUff,S v Dalton’s law of partial pressures:
The pressure exerted by a particular gas in a mixture is the
partial pressure of thatgas. . ...

unnel until
is filled.

The pesute. exetkd, by o patedar ‘ .
as in a mirhae s the Parh‘af
preswz of fhof 905

.........
‘ 152 mmHg He +

608 mmHg H,
‘ ' ‘_‘ 760 mmHg

Flask A Flask B

Flask A

The iVUD- () & W‘Q Pﬂﬁi Gl p‘[ essutes BEFORE MIXING AFTER MIXING

Sollow tle \deal  gos \aw
— Yo cQw\Ponche A - Py V=na KT P =n TR /’V

Total Sum
of moles For
! \
D cﬂ'rau S \eu.u o-Q- qu\‘\d&. Ffe&gu!‘e,s — twe whole
(Bl rm— semple
mOla ffachon o A<=y 4 =P
no P
(Q) A 1.00-L sample of dry air at 25°C and 786 mmHg contains
0.925 g N,, plus other gases including oxygen, argon, and Ul = Poue
carbon dioxide. = =
a. What is the partial pressure (in mmHg) of N, in the air sample o
b. What is the mole fraction and mole percent of N, in the @"f;(” = %ﬂﬂ"__l{
i __ 1molN,
mixture? 925 g x; x 28"‘(‘)"3{{3, = 0.0330 mol N, q W
RT -2 . 26 o
N, = "N“V S X O'()82]|50i;']/(K mol) X 298K _ (807 atm (= 613 mmHg Afﬁ(:: A Popg = 02
S o Pn, 613mmHg Air contains 78.0 mol S nde Sradion = Pen, = 0-01% = 0.l
Mo].e fraction of N, = P 786 mmHs — =(.780 percent of N,. Py ret 0038 r0-112

o> - % N o 5
Q) A mixture of 250 mL of methane, CH,, at 35" Cand 0.55atm 3 \saie aliallodde >
and 750 mL of propane, C;Hg, at 35° C and 1.5 atm was -

ntroduced into a 10.0 L container. What is the mole fraction of ) \‘)2#

methane in the mixture? - —t a
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molecule. Calculate the partial pressures of the gases if the PA = P * Mo n:chon
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Hydrogen gas is produced according to the following reaction:

=
ZHCI((M]) + ZD(S) — chlz((l([) + Hz(g) :__ Vwa::: ::evs::ni:’e“:!
The gas is collected over water. L of gas is collected at = - T

° : — = 5 Pressure
19°C and 769 mmHg_total pressure, what is the mass of hydrogen T : erpeonre (0o
collected? The vapor pressure of water at 19°C is 16.5 mmHg g 2 s
_; 15 12:8

17 145

Pr = Tw P{—hO 19 165

v 21 187

23 211

764 = B+ WS 25 23
VBRI ) e

40 553

7525 obm = Py, ) 1494
80 355.1

740 100 760.0

0-99 atm= Py,

PU——VL.RT 5 -3
n= Bv. = o0ddx\sgn0 = 0151 = 6Yexw
PT . o.mran (194p73) 234

m—nMpr< 6.‘46x|63x o g‘ojzy

(Q)An unknown gas was collected by water displacement. The
following data was recorded: T = 27.0 °C; P = 750 torr;

V =37.5mL; Gas mass = 0.0873 g;

Priyo(vap) = 26.98 torr

Determine the molecular weight of the gas.

A. 5.42 g/mol
B. 30.2 g/mol

C. 60.3 g/mol

D. 58.1 g/mol
E. 5.81 g/mol

PT" Pj+ PH‘ZO

750 = Pg + 26-93

723 - 0-95 = Pj -~ Pu=nRT
760

==
L= PU — 0954 372508 = _0.0354 = |-YYgiio
o 0.0%2x Qz:zfa?s) 24.%
Mr=m = 0-08£3 =403
" |- YJg Y70




Kinetic Enw

> Postulates of Kinetic Theory

Postulate 1: Gases are composed of
molecules whose size is negligible
compared with the average distance
between them. Most of the volume
occupied by a gas is empty space.
This means that you can usually ignore
the volume occupied by the molecules.

Aplessure s due to the

Collisions o te 9as
Par fecales W\ the walles
R the ontainer

Holecul [ sP@chS .

The same L n cgiﬁlm@ 72’mp/€h//e:s

rce
4o
500°C
|

O 1000 2000 3000 4000 5000
Molecular speed (m/s)

Relative number of molecules

Maxwell’s distribution of molecular
speeds The distributions of speeds

of H, molecules are shown for 0°C
and 500°C. Note that the speed corre-
sponding to the maximum in the curve
(the most probable speed) increases
with temperature.

Diffusion anel Effusions

— > oot _meam — gcﬁuam (r“ms) moleculor ‘S}Of@? (W)

Calewlate Hhe rms
in a gy\incffr e Y I5.F atm.

Postulate 2: Molecules move randomly in straight lines in all |
directions and at various speeds.

This means that properties of a gas that depend on the motion of
molecules, such as pressure, will be the same in all directions.

Postulate 3: The forces of attfa?:#on or repLﬁ.\sTon between two
molecules (intermolecular forces) in a gas are very weak or
negligible, except when they collide.{ s

This means that a molecule will continue moving in a straight line
with undiminished speed until it collides with another gas molecule
or with the walls of the container.

Postulate 4: When molecules collide with one another, the
collisions are elastic. In an elastic collision, the total kinetic
energy remains constant; no kinetic energy is lost.

Postulate 5: The average kinetic energy of a molecule is
proportional to the absolute temperature v g v Ty

S gz cn\Toye el (k) Gl
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At plat tewmpera-ute cQo W, molecules hawe Hee
Same overay e kinek'e chery j/?

(}y two qses at e same %empem‘mre

Wi\l howe YWe same  averaae kivetic Enerqy .

Because  Hhe Ruefage Kinetic Enfw A A molecule i< pfoportonal
Fo C‘)Lf[) T

« Diffusion L Effusion

Diflusion : is bhe process whereby a gas spreads out Hifo\y h
avo o - Jas.

Effusion * is e process in Whith a gas FHows Fyrough  small

hole in @ contalnen

Grohams law ol Ellusion

Rate 68 cffusion ol molecules oc | For Yhe Same comboinen
J M ok coustauk T CLVL&P

(Q) CaBJIate the ratio of effusion.rates of molecules of carbon

dioxide, CO,, and sulfur dioxide, SO,, from the same container
‘—“\2’__
%3’9— U"'bj “%—and at the same temperature and pressure.
2

1
Rate of effusion of CO, V' M,,(CO,)

% I 1 a2 - - 9
SO'L vaj £ (Dlp-d ?l== Rate of effusion of SO, 1
Cx"" ' VM, (50

Rate of effusion of CO,  [M,(S0y _ [04lg/mol .
Rate of effusion of SO,  \ M,(CO, _ V 44.0¢g/mol
carbon dioxide eﬁuses@times faster than sulfur dioxide

Faster

rate aﬁ cgu.sion For 925 L = | M=
rate s effusion Sor qos 2 i
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Exercise 5.15 If it takes 4.67 times as long for a particular gas to
effuse as it takes hydr: same conditions, what is
the molecular weight of the gas? (Note that the rate of effusion is
inversely proportional to the time it takes for a gas to effuse.)

Exercise 5.14 If it takeori10.0 mLEof He to effuse

through a hole in a container at a particular temperature and
pressure, how long would it take for! 10.0 mL;of 0, to effuse fror
the same container at the same temperature and pressure?
(Note that the rate of effusion can be given in terms of volur

Rate of effusion of H,  time forgas M, (gas) of gas effused per second.) rate= uo\u.mﬂ = moles_

Rate of effusion of gas ~ time for H, M, (H,) =4.67 Tme Time
— Rate of effusion of O, (M, (He)  [4.00 g/mol

M,,(gas) = (4.67)2 x M,,(H,) = (4.67)2 x 2.016 g/mol = 43.96g/mol Rate of offusion of He ~ \2,(0,) ~ \(32.00 gimol ~ 0.35

(Q) For the series of gases He, Ne, Ar, H,, and O, what is the - Rate of effusion of O, = 0.35 x rate of effusion of He.

order of increasing rate of effusion? Volume of O, 0.35 Volume of He
Substance He Ne Ar H, 0, Time for O, T U9 Time for He
MM 4 [ 20 | 40 | 2 32
10.0 mL 035 10.0 mL
H . - _— =Uu. X
Lightest are fastest: H, > He > Ne > O, > Ar Time for O, 350 s
Same as: Ar < O,< Ne < He < H, 3505
13 i = ——— =
.Tlme for O, 035355 9.96s 12

The Van der Wadls eqLation
i an cguaHon similar Yo He ideal gas s  bub  includes hoo
Comsf'auf's /a ,Q/b Y to accww-" apﬂf caelna’-/'ous ﬁ’om )‘4&4[] behauior-

’V—nb) = nRT

o 5-087%
Ls 77 Coctwt] = w (ifed)) —Nb

2
p+oe

J

PC&&“‘JJ= P(lJea]j - _ﬁ’g_

2> 2
*\ (Q)If sulfur dioxide were an ideal gas, the pressure at 0.0°C exerted by 1.000
mole occupying 22.41 L would be 1.000 atm (22.41 L is the molar volume of an

ideal gas at STP). Use the van der Waals equation to estimate the pressure of
this volume of 1.000 mol SO, at 0.0°C. See Table 5.7 for values of a and b.

e Table 5.7 van der Waals Constantsfor Some Gases
P+7 (V — nb) = nRT s b
Gas Catmimol! Umol
2 co, 3658 00428
pP= nRT _nra CH, 5,570 0.0649¢
V— "[7 V: C.HOH 12,56 0.0871¢

00238,
0.0263.

0.03186
005679
003049

He 0.0346
H, 02453
0, 1382
50; 6865
HO 5537

1.000 paol X 0.08206 K-atm/(K-mol) X 273.2 K
- 22.41 ¥ — (1.000 mol X 0.05679 ¥/mcl)
(1.000 mol)? X 6.865 L*-atm/mol”
B (2241 Kp
= 1.003 atm — 0.014 atm = 0.989 atm 16




L <

/@@@“
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unknown gas which effuses with o rate cpua
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‘Duermocijnamics . is the science o the felajt\'dnahips between,

heat B« other forms o eneryy

Thtnnodt\emish:j 1S ovie Qe ) Hnervnocﬂgnqmics . \E concerns
he. shu_z@ L e ?guan@ o heat absorbed
Or ecvolved gjiueu owt) B chemical  feactions.

EheBJ ©is the potential of C'.apa.f'_'li‘) o move matter” .
Caun 6}(!‘51’ in Jiﬁf/fi’bf 390/‘”1.5 ,iuc/uc@\'y }leaj'} )/' }t/'/ g[ed-/('cqf
Ec’b:ﬁ owd tese JHrend forms  can be | m‘{; conyerFed).

Kinetic Eww ~ The ene assoaited  wilh am abject é} uirtue
510 H’S ol o -

kg
El<= Jz—mrjvz —_— ﬁ~m2/5l=dowlt, watt = .'59u.\<

A 100-watt bulb uses 100 joules of energy every second ..SCculncﬂ

v calorie (cal) (non-S! unit) the amount of energy required to

raise the temperature of one gram of water by one degree
Celsius

lcal =4.184]

potenkal Emc'{jj ke eneryy an object has &y i rtue,

GQ iks po.S‘\’rirm v o Q}e\cD. L9-'Q &rct

Eeh,‘:; E-k -+ Ep"’ U—L

derval Ew@
The sum: o2 He kivekic < lDo"‘CVlHG.I 4

Emorjig o M: Pary‘fi Cles mqky u/D
a substayce-

» Law of Conservation of Energy (first law of thermodynamics)
v’ Energy may be converted from one form to another, but the
total quantity of energy remains constant.
6.2 First Law of Thermodynamics; Work and Heat
v Definition of Work (w):
Work is an energy transfer (or energy flow) into or out of a

thermodynamic system whose effect on the surroundings is
equivalent to moving an object through a field of force.

v Definition of Heat (q):

Heat is an energy transfer (energy flow) into or out of a
thermodynamic system that results from a temperature
difference between the system and its surroundings.

A\\W4
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Process

Sign

Work done by the system on the surroundings

Work done on the system by the surroundings

Heat absorbed by the system from the surroundings (endothermic process)
Heat absorbed by the surroundings from the system (exothermic process)

> Change of Internal Energy AU = U, — U

v Internal energy is an extensive property, that is, it depends on

the amount of substances in the system.
v Other examples of extensive properties are mass and volume.
v Intensive property does not depend on the amount of
substance (color, density)
v Internal energy is also a state function.

v’ A state function is a property of a system that depends only ori

initial and final states.
v’ Such as temperature and pressure.

>

AU:({,+W = Be Ca!ef?-ld when w©

(Q) The work done when a gas is compressed in a cylinder is 462
J. During this process, there is a heat transfer of 128 J from the
gas to the surroundings. Calculate the energy change for this

process. ,,,_ | :
AU=q+w q
=2128J+462J =334J a"—»il‘:x

6.49 A gas is cooled and loses 82 J of heat. The gas contracts
as it cools, and work done on the system equal to 29 J is
exchanged with the surroundings. Calculate AU ?

system loses heat so g =-82J
system contracts so w = + 29 J.

AU=q+w=-82J+29J=-53J

( $or qases)

o Coffec cup Calor imeter
(V\ol' 'gof %Q.S&S_)
e Yomb Ca\of“lw\e}ei“

+ +

AU = Ugnas - Unnitial
AP = Prna = Pinitian
AV = Vinar = Vinitian
AT = Thpg - T,

initial

put e st o @rch ane (g,w)

6.3 Heat of Reaction; Enthalpy of Reaction

» Heat of Reaction

v exothermic process (q is negative)
is a chemical reaction or a physical change in which heat is
evolved or is released from the system.

v endothermic process (q is positive)

is a chemical reaction or a physical change in which heat is
absorbed by the system.

Type of Experimental
Reaction Effect Noted Result on System Sign of 9
Endothermic  Reaction vessel cools  Energy added o
(heat is absorbed)
Exothermic Reaction vessel warms ~ Energy subtracted _

(heat is evolved)

plessure —volume work _. W= -p Ay

Att=9 s couskub pressure

A U = CL —_— Uolurnc C'c:w.sl"mg'~



N =
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» Pressure-Volume Work w = —PAV :a.*'m'L

Exercise 6.4 Consider the combustion of CH,. (VA= 101,3'5'
CH,(g) + 20,(g) —> COx(g) + 2H,0())

The heat of reaction at 77°C and 1.00 atm is — 885.5 kJ.

What is the change in volume when 1.00 mol CH, reacts with 2.00 mol O,?

(You can ignore the volume of liquid water). Whatis w for this change?

Calculate AU for the change indicated by the chemical equation.

AV =V Vi = 5 RT Py RT _ (1wt = Mo )JRT
finai initial P P P
(1 mol 3 mol)(0.08206 - L atm JB50K)
AV = =-5744L

1.00 atm

Because the change is from 3 moles of gas to 1 mole of gas, this represents a
compression being performed on the system->work is done on the system (+ve)
w=-Px AV

=—(1.0 atm) x (-57.44 L) = 57.44 atm.L _

57.44 atm.Lx 101.3 = + 5818 J = + 5.8 kJ 1atm.L=101.3J

AU=qg+w > AU=-8855kJ+58kJ=-879.7 kJ

10

» Enthalpy (H) and Enthalpy of Reaction p =y + Py
'6)(- (Q) Calculate the change in internal energy when_2 moles of CO

v Because U, P, and V are state functi&ns His also a state are converted to 2 moles of CO, at 1 atm. and 25°C.

function.  AH = H, - H, C' B3 Jlhemlay=g+w 2C0(g)+0(g)——2C0,(g) AH =-566.0 kJ/mol

AU=qg+w=q-PAV =q-RTAn Wi==PA A -z ,
\An =number of moles of product gas —number of moles of reactant gases\ 4—6&0 JP_Q"

q=AU+ PAV=(U; - U) + P(V; - V)) = U,- U, + PV - PV, AR= AU —anRT

= (U, + PV)-(U;+ PV) = H, - H, =b AV
e 0T Rran=566 KT ol =80 = (2-3) (8:31) Jkmol (254278)k
g = AH (At fixed pressure and a given temperature) -5 KT = b U + (83“’ )T (2q9) V
mol K- mol

> Enthalpy of reaction
The change in enthalpy, AH, for a reaction at a given temperature -544 kJ + (3_ 31y ) ( 2 98) - _ AU
ma’

and fixed pressure
AH = H (products) — H (reactants)

T mol

-556k7 4+ R H77 KT =nay

“mo) OI

- 5485 KL =40

6.4 Thermochemical Equations

Al \:lpet oA Al CHy(@) + 20,0 H.00)
Jeidgs So tochaths 3
(e o Btpy P SF »

Heat given off
by the system

to the surroundings
AH = —890.4 kJ/mol

Enthalpy
Enthalpy

AH = 6.01 kJ/mol

>H

reactants

H,

H, products <H, reactants products

AH<O0 AH>0 ]
Etothermic Endlothermic




CHy ¢3) +10s09—> COs(y) + 2420,y M= -0

| mol from Cty wll 3;‘[}@5 (@?O-q) -
2 wmoles (1 Oy v« (B90Y) *-

The stoichiometric coefficients always refer to the number
of moles of a substance

H,0 (s) — H,0 () AH=6.01 kJ/mol
If you reverse a reaction, the sign of AH changes
HZO@—- HZO@ AH =-6.01 kJ/mol

If you multiply both sides of the equation by a factor n,
then AH must change by the same factor n.

2H,0 (s) — 2H,0 () AH=2x6.01=12.0kJ

The physical states of all reactants and products must be
specified in thermochemical equations.

H,0@— H,0@ AH=6.01 kJ/mol
HO@) —H,0() AH=440kdmol 1

Heaguring heat o The Recction

v' Heat of a reaction is measured in a calorimeter, a device used
to measure the heat absorbed or evolved during a physical or
chemical change.

v’ Calorimeters are considered isolated systems = Qgysiem = 0

Gsys = Qwater * Gear ¥ Qe reaction
Qsys = 0 Calotimeter

rxn = - (qwater + QCaI)
Quater = M X S X At
Geal = Ccﬂ XAt
- Nl,\.v
5

19

'I' _ —
9.t 9.k

sfrzls oul

37- Gaseouidiﬁusioais defined as

a. the force exerted per unit area of surface. P"CKV

b. the reference conditions for gases, were chosen by convention to be 0 °C and 1 atm
pressure. ST P

c. the process V\F/E:reby a ghrough another gas to occupy the space

uniformly. ofi o
d. a device for measuring the pressure of the atmosphere. bayumele
e. the pressure exerted by a particular gas in a mixture. Pafh"( ]ﬂﬂ urt

\

Y

6.6 Measuring Heats of Reaction

» Heat Capacity and Specific Heat

v The heat capacity (C) of a sample of substance is the quantity
of heat needed to raise the temperature of the sample of
substance one degree Celsius (or one kelvin).

neat awsorbed,q = CAs

v The specific heat capacity (S) (or simply specific heat) is the
quantity of heat required to raise the temperature of one gram
of a substance by one degree Celsius (or one kelvin) at

constant pressure. g=sXmxAt T S
grame &1 Ly Tempralure
(Q) Calculate the heat absorbed by 15.0 g of water to raise its

temperature from 20.0°C to 50.0°C (at constant pressure).
The specific heat of water is 4.18 J/(g -°C).

g=sxmxAt At=t,—t = 50.0°C — 20.0°C = +30.0°C
q=4.18 JI(g - °C) x 15.0 g x (+30.0°C) = 1.88 x 108 J

ncreased] ot Secreasal) @ =T

aived = q/

lesk




h bonb Calorineler hos hed copucly of 3.48K7/C
When 29 Sample of an oil s burmed i Wis Cabrimeter
Hie temperature increased) lzj 26

Calculabe the enery gy K]) o combustion Sor one Yrame P o1l

C=34%KF —_sm =29 > N gsﬁ_\s for enejfme
°C
q/:‘ C h‘t = 2R KO_ 12%: L{];z,é KJ’ %j_ & §\_@
027— ——
L% — Q.Oggg -q:j B\

= comb LLS:ROV\ D s

\-20%‘8]0;53 Wod' Mo exptlermic, ¢ S AR

molar heat — 4 = heat = et \\ld[b-_!_gul, Basas

mel () kg/mol  Buos
ky *8F kv
9 mo|

A @j) sample ol o compouwl X Mr=R0 3/m0| is chcemposcaQ
o bomb Calorimeter - The {'EVHPera.\nrc s Hie Calorimeter
was increase by £.12c . The heal Capac.{b Al Hee sds‘rtm

(s 123 kg . Whd is the molar ek 58 Decomposition Sorx ?
3:C m= 19 9= < ot

M- go = 1123« 612

KT=4612°C _ 7.5276 kg *™_ kv

2 = ;_lgk'@ 3 e (
5

9L _«:L:-{oi 2, kT

V\b\

M\Qr hajﬂ':? | _é_‘i mo

ol

R > g = 7.5 278 k *%/
g

= \G kg
wmol 2




Hecp}r &Q nemlra/ica}im_gA Hn» acd ) 4 bose
Ay = mass Q;Q solution ¥  OSEelution X ci%solqh'an

A%uavl‘}l:i-] loom] 9)0 0-5.4 Hel was ,m‘}ccgo with Yoom] b-é O~5-M Ueroth

in g Constant pressure  Calorimeter s/ he ligible heak Qapa Aty

The nitial fewperature of He o) £ Maoh  soldipg was dhe Same

= 29.5C and e Bal -,:sbvupey’a’-ure mited Solution wes 25.86C
Caleulate the hal chavae For the neulalicglion recceton

on aqmelar busis.
assume {he chnsi\U e»Q it =1 9 /m|

S = q-lglli ficls M 0%
J.Z Y = loa:uBB
T- 22.5C
W0 {03 \90s Bl 3 o @'y 4
Wi = macs solibion ¥  Scokionw & OV Veo# sM=0-5
= “70 oc V= lc;,
- 260 1184 y [ 336) T 225¢
="28tL 6 g 0
Tp= 25.€6C
SK s~ 12.8U6 = -56.2 KJ/mo)
mo| O 0%
m= d vy
~ 19 4 (loo+;o@)m/ P aohibcl > #,0+Vac]
ny Hy My




(Q) A lead (Pb) pellet having a mass of 26.47 g at 89.98°C was
placed in a constant-pressure calorimeter of negligible heat
capacity containing 100.0 mL of water.

The water temperature rose from 22.50°C to 23.17°C.
What is the specific heat of the lead pellet?

Pb—-> m:Qé-‘(FO Hi0 > o= |poml
T = 89-98C ti= 325
by = 23-17
S=2) Gt = 2 dooa
A‘-\\'h'b:bupb

_ ms AT = ms AT
0o (4igy) Br-ng)= 260F S w»(23.17-39.02)

£ 2803 =~ |14 .65 S
n=d xa Sz 01585
= LS ¥ !ooyff = /6D
i

_—Ln o.c'eﬁee. —eup calon'me}cr-, 2.6 ovp Ca.Cb, was dissdueﬂo
in 260_3 o water at a com\dmc_J iuitied temperature G-ll 23C
The Pmal temperatule was 96-U°c . Caleulate e eh}haiey
charge od he reachion-

\ \ﬁ Ca.Clzg m=2-6 T = 23°C .
L HzOe m= 260 T =26-YC
M= 9 .= “9mo ="Mms AT = -260 « Y184 = (2428

n n n 2.4




3-2%9 5 el—h‘aﬂd (Catcod) s burned
ol bowds Ca\or\n\ebu w‘\)(\\ 0\"/\@097 CQP&Q@
2.3 \i. The }cm(pera:'-ure b the Calorimeter

C
increases From 12.1°C bo 55 -5 C

Calculate He 8&8/‘53 0"' comb ushon Pf(" mele .

C=23K) A= C AT
C - 99.€2 <
AT= Y.Y ¢
ot = Q9.82

Calelate the mass of @) (5) would be obtajped if Hhe
veaction feleased 364k =t heat . Mruo =18 97mol
Cshs +50, —= 3CoO, +UH20  all =-9043

AH=¢ o pn=4g * 4
" OH (per Y moles o2 B o)
N
= 364 -'kl{ = D-F#22
2043
_ /-
M= m
IB*x O.F22=m

léj -




53-Sample of hydrogen was collected by water displacement at 23.0°C and an atmospheric
pressure of 735 mmHg. Its volume is 568 mL. After water vapor is evolved, what volume
would the hydrogen occupy at the same conditions of pressure and temperature? (The
vapor pressure of water at 23.0°C is 21 mmHg).

a.552 mL
b. 509 mL
c. 568 mL
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e. 539 mL
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56-What is 2;3 total volume of gases produced at 1092 K and 1.40 atm pressure when 320 g

—

of ammoniuni hitrite undergoes the following decomposition reaction?
NHaNO2(s) > N2(g) + 2H20(g) 3 203 Wity W,

a.11211L =499 mol
b.960 L 64 %jh'

c.8406L

d.309.6 L

e.459.6 L
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