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Chemistry Unit 3
Primary reference: Chemistry: Matter and Change [Glencoe, 2017

Topic

Essential Knowledge

Study Support

Scientific
Investigation
1.3

Use unit cancelation method for stoichiometry.
Use graphing calculators and probeware to investigate gas behavior.

Ch 11:
Read pp. 368-372 on
stoichiometry and units

SOL 1g, 1h cancellation
Ch 2:
Graphing and data
representation: pp. 55-
58 (See also: math
handbook section, pp.
956-965)
Nomenclature, | Polyatomic ions are a group of atoms covalently bonded together that have a Ch 7:
Formulas, and | charge, and they travel “as a package” without splitting up. Use subscripts Read pp 221-222 on
Reactions outside of parantheses to balance the charges of polyatomic ions when more polyatomic ions. Know
than one is present in compound, (NH4);SO4. Do not reduce subscripts of the following
3.3 polyatomics. polyatomic ions: OH",
5042, NO3", PO43, CO32
SOL When two or more substances combine to form a single product, the reaction is | and NH4*
3a,3b,3¢,3d,3e | called a synthesis reaction, also known as a combination reaction. In a
decomposition reaction, a compound breaks down into two or more simpler Cho9:
substances. In a single replacement reaction one element takes the place of | Read pp. 289-298 on
another in a compound. Ex) A +BC > AC + B reaction types.
In a double replacement reaction the positive portions of two ionic
compounds are interchanged. Ex) AB +CD - AD + CB
Combustion reactions occur when a substance is heated in the presence of
oxygen. Many combustion reactions involve the heating of a hydrocarbon in the
presence of oxygen to form carbon dioxide and water.
Molar Because matter cannot be created or destroyed, the total mass of the Ch 11:
Relationships products is equal to the total mass of the reactants in a chemical Read sections 1 and
4.3 reaction. 2 on stoichiometry, and
Molar masses from the periodic table and mole ratios from the balanced equation | practice.
SOL 4a,4b can be used to calculate the mass of a reactant or product. (Mole-mole, mass-
mass, particle-particle, gas volume-mole at STP) Ch 13:
Read pp 452-453 on
At STP (which is 1 atm of pressure, and 0° C), 1 mole of any gas occupies a gas stoichiometry
volume of 22.4 L. At non-standard temperature and pressure, the volume of a
mole of gas will vary. An increase in temperature will cause an increase in
volume (directly proportional) and an increase in pressure will cause a
decrease in volume (inversely proportional).
Phases of Pressure and temperature both affect the volume that a gas occupies. Ch 13:
Matter and Read pp. 442-448 on
Kinetic ‘!‘he pressure anq volume of a sample of a gas at constant temperature are gas pressure
Molecular inversely proportional to each other (Boyle's Law). temperature ’an d
Boyle’s Law Equation: P,V; = P,V ; )
Theory q a%a = =2 pressure interactions
5.3 At constant pressure, the volume of a fixed amount of gas is directly
SOL 5a,5b proportional to its absolute temperature (Charles’ Law).

[Charles’ Law Equation: V;/T; = V,/T3
At constant volume, the pressure of a fixed amount of gas is directly proportional
to its pressure.

\Gay-Lussac’s Equation: P,/T, = P,/TJ




Unit 3 Objectives Chemistry: Matter and Change (Glencoe, 2017)

I. Ionic Compounds with Polyatomic Ions
A. Polyatomic Ions
B. Names <> Formulas Ternary Ionic Compounds
C. Mixed naming (molecular and ionic)
Il. Calculating Percent Composition (Revisiting molar mass)
Ill. Identifying Reaction Types: single replacement, double replacement, synthesis, decomposition, or combustion
IV. Stoichiometry—Calculating Theoretical Yields
A. Mole-mole
B. Mole to particles
C. Mole to grams
D. Mole to gas volume at STP
E. Mixed stochiometry
V. Gases at non-STP Conditions
Kinetic Theory and Gas Particle Properties
Gas Pressure (units, atmospheric pressure, altitude, air pressure)
Kinetic Energy and Kelvin Temperature Scale
Variables describing gases (pressure, temperature, volume, quantity/moles)
Boyle’s Law
Charles’s Law
Gay-Lussac’s Law
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Objectives (SOL)
1. Review the following areas on the periodic table: alkali metals, alkaline earth metals, halogens, noble or
inert gases, representative elements, transition metals, non-metals, metals, and metalloids.(2d)
2. Review using the roman numeral Stock System to identify and name transition metal ions.(3a)
3. Memorize the names, formulas and charges of the polyatomic ions OH-, SO4*, NOy’, POs*, COs*, HCOy,
CH;COy and NH4+
4. Write the formulas for ionic and molecular compounds given their names and visa versa.(3a) for both ionic
and molecular compounds.
5. Calculate the percent composition of a compound.(4a)
6. Classify a chemical reaction by the following five types: synthesis, decomposition, single replacement,
double replacement, and combustion. (3¢)
7. Calculate theoretical chemical quantities from balanced equations(4b)
8. Memorize the STP conditions for pressure in mmHg, torr, atm, and kPa. You will also be able to convert
between them.
9. Explain the relationship between increasing kinetic energy and increasing temperature.
10. Discuss the three characteristics of ideal gases according to the kinetic theory
11. Use Boyle’s law to calculate gas pressure-volume changes
12. Use Charles’s law to calculate gas temperature-volume changes
13. Use Gay-Lussac’s law to calculate pressure-temperature changes



POLYATOMIC IONS

Poly- means ‘maﬂ% and -atomic means Q;k&ﬂ_S so polyatomic ions are ions wi@tcm.

We've already learnedabout monatomic ions. (Mono- means __( )V\-Q/ )-

Examples of monatomic ions: CI, 2{:\*, K*, Br... Fe/’sl

Who ate what where? Mnemonic Device for 5 Common Polyatomic Anions

NicK #e Camel_-ate CLOM f SUPPER. in PHoep iy

ﬁThe first letter (or two letters, for “clam”) is the first element.
The number of consonants (“Nick”™: N, ¢, and k = 3 consonants) is the number of oxygen atoms.
The number of vowels (“Njck™: i = 1 vowel) is the charge on the entire polyatomic ion.

Use the mnemonic to write the 5 polyatomic anions’ chemical formulas and label them.

NO, [Cai™ [c10s |<oi [Po:

Nitrade |l cavbonade | chlormte || Sulfate pl’)C&p“ﬂorl@

There are two more polyatomic ions you must know: hydroxide anion] and |ammonijum cation 4{;
)

[IMPORTﬁom that form charges (anions) usually end in - d_Q_ , and atoms

P

that form¢positive)charges can end in ='W YV | =
B

Additional Information & Tips:

Anions (negatively-chargeg ions) that end in “-ate” or “-ig;ave oxygen atoms. Professionally, these
are called _(” M (AN LS (and that makes a lot of sense. Look at the name!)

Chromate \(('grof') is an anion with the two elements C‘/\ (Umum & ﬁ%ﬁ@_

Silicates (SiOy) are compound that is made of the elements < | ( ltm &

( )m\ﬁ 9241 - The “x” means that the number of oxygens can vary.
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The “normal” version of the 5 main polyatomic anions (nitrate, carbonate, chlorate, sulfate, phosphate), all end
in . This is what you get from the normal Nick the Camel ©

Weird Endings to Polyatomic lons: The # of Oxygen Changes, BUT NEVER THE !
If there is 1 extra oxygen atom, the root— main element—of the name (nitr-, carbon-,
sulf-, chlor-, priosph-) is surrounded lgg%'b'ATE

If there is the “normal” number of carbons, it's what you already know: A_T_‘_E*

How to Remember:

Hey... are you super great? lL W

If you've got an extra oxygen, then you're “super great” so use “per-' and “-ate”!

g_—
—  — )

...Areyoujus;tg-reat? (NWQ() Cloz" — C'Oq

If you've got all of your normal # of oxygens, then you're just “great” so just use “-ate’!

Uh-oh... Now you have fewer oxygens than you normally have from Nick the Camel. C[Og— —C IOZ"

If there is 1 fewer oxygen, the root is now surrounded by _I_‘E.

If there are 2 fewer oxygens, the root is now surrounded by %P .IE («'
How to Remember: -_
ek,

Missing 1 oxygen? You're not great. You're just “-ite”
Missing 2 oxygens? You're less than “-ite.” You're “hypo ite”

(Hypo- means less than, lower than, under, below, decreased, etc. Think: hzgothermia,

Purely Polyatomic Practice: If you have the name, give the formula. If you have the formula give the %/’
—_htho Os-
1) Noy __N -'Q, _ 6) Nitrite.

S0, 2 Hyposutite SOy 7) Garbonate
3) NHe __AMmanium ) PO~ _@]ﬁdj@/ldi

4) Pg‘;" __’P_h_OEP!ABLg_—_ 9) Chlorate___C_L%_
5) Hypochlorite C\O~ 10)SO4* SU (1[01 4‘6

REMEMBER: Polyatomic ions are like “packages” and “best friends forever,” which means they travel
together. The charge applies to the entire package. hey do get into compounds with cations. NaNO3
is sedium nitrate. @s magnesium sulfate.is lithium carbonate.!Ca(CIOg)g is
calcium chlorate... There’are 2 “packages” of chlorate. Get it? Always make sure your (-)and (+)
charges are balanced in the neutral compound!
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Practice Quiz: Together as a class.

o Write the chemical for r strontium sulftef__{(‘SOz
e What igammonium? It W arged, zo itsa(n)_Ca ﬁ Or] _, meaning it come‘

you name something, éven though it's not a
Write the chemical formula for ammonium chloride.
o Write the chemical formula for sodium hydroxide.
o Zn(NOghis £\ ﬂ
o Vanadium{Vhydroxide is 5 = V (O H > 5
o Write the chemical formula for ammonium hydrOX|de
e Write the chemical formula for rubidium oxide. . Why doesn't rubidium have roman numerals
in parentheses?
o Write the chemical formula for titanium(1V) oxide
¢ Dinitrogen pentasulfide is
«  Xenon hexafluoride is XQ e
. Why is monocarbon disulfide an mcorrect name?
°C FeO and Fezoaﬁre both iron oxide compounds. What is different about the irons in each compound'?
o Why is tripotassium phosphate an incorrect ionic name?
o Lead(lV) oxide is

Assessment: MUST include oxidation state (roman numerals in parentheses) for transition metals when you
write the name. All compounds are neutral, so do NOT include charges in your final answer on the line. Tip: Do
the switchy thing, or do the reverse... depending on what you re doing.

1) Cobalt(l) nitrite CG(NOz)-z_ NO-+ 11) FesN,
Co** NO;

2) Phosphorus trichloride pCl 3 12) CdS

3) Ammoﬂug‘n bromide NH \46( @\/Ig(CIO4)2

v B

4) Cesium selenide - 14) NCl,
CLAM
@lron(u) Berchlorate FQ(C!(M):, c105 15) Al(NOs)s
oy ~
6) N|trogen disulfide K3PO4
7) Diphosphorus tetroxide 17) CF4
8) Oxygen difluoride 18) SO,

9) Dinitrogen monoxide @ % ‘H\LOIM'M M (_I[Q n If'rfig

10) Nickel(lll) nitride 20) W20s
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Chapter 6 Part 2: Chemical Names and Formulas

A. Polyatomic lons

1) A polyatomic ion is a group of covalently bonded atoms that carries a charge—in other

words a charged molecule.

2) You need to memorize these eight: QH, NO3", CO3%, SO4*, PO,*, NH4", CH3;CO2’, HCOg

OH hgg&m vidl nos __ Nuitrade
[O"H] = NO,” = wdsniteie.  n 28

coz__ ( 1Ltbdﬂ0l£= [so7_ U IHote Y,
~ | SOBZ- =Su /-F'%.

5 ) r 4
i a f Y |
\) \ SN /5 -’ w;‘;“?‘;ﬁ,b

Tt

&

<

Pz‘ij ‘_Phg_gizm& NHy' =GR AWMt
H 3 PO"I pha Sphm‘c L;‘N“?_éamm*‘é

aud

CHACO;_ a CU'rfAlé HCOy ’ICIWLCCI_AQWOQ.

4+ L?* bicarbinate

1 Nd+ H<03’
NaHcos
0a king Soc
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B. Names »Formulas for Polyatomic lonic Compounds

1) Treat them just like binaries, except use parentheses when there is more than one

polyatomic.

Examples: Mg(OH), (NH4)2S

2) Name to Formula Practice

Potassium sulfate

Aluminum nitrate

Manganese(lV)carbonate

Calcium hydroxide

Ammonium phosphate

Iron(l1l) acetate



3) Formula to name practice
NaHCO3;

CU(CH3C02)2

(NH4)2COs

Mixed lonic and Molecular Naming

Formula to Name Flowchart

Molecular

NH4CI

Pb(SO4),

V205

30f3

Sn(CO3)2
Cr(S04)3
Mg(OH),
lonic
4
. _J
N205
SO;
Zn(HC03)2
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Chapter Seven Part 2: Calculating Percent Composition of Elements in a Compound

Experimental based problems \9

A 8.20 g piece of magnesium combines completely with 5.40 grams of oxvgen to form a
compound. \What is the percent composition of magnesium in this

ZN\j(S) + Oz(j)
(-LZ—QS) ( 540 32

_ _mass My 20) €.20¢
% Mg ~ mass campaund 13.60 o ‘

When a 14.2 g sample of mercury(ll) oxide is decomposed into its elements by heating, 13.2 g
of Hg is obtained. What is the percent composition of oxygen in this compound?

Te0a o g0 - oy
(H29) = ('3'235 + (1.09)
O o Okg%’ ‘7%‘93—%00 77, 03ygen.

Calculating Percent position from the Formula

Percent Composition: the percent by mass of an element in a compound

Equation: % mass of element = __total mass of the element in the compound

- x 100
molar mass of entire compound
ﬁ Find the percent composition of chlorine in iron(lll) chloride
Fe* C1- — FeCls
% Cl = tasss Cl e (3 %3545
Mass of Campourd ) 160

v
GED BS)+(3x3545) -

Find the percent composition of oxygen in/calcium nit
: é ¥ N%i
a § —>» (’

(é’ 16.0)
X [6.0

@5%’0% b Oy

.%OW;(




+ 0 5-
. N NG, Yy
What is the percent composition of sodium in sodium phosphate? I

Nas;#0y = 16394 3(M°\

%, No (3 x 23.0)

" (1639) }<100=H2% Na by

34, No i
1. P
- O><9

Calculate the percent composition of nltrogen in ammonium Qdee

( ) N”J‘ O - (NHy).O
7. N = 2x(H40) 00 =53 39T z2 N
(52.0) | @ &

| 1.0

In which compound does carbon have a greater percentage of the composition by mass? Justify

your answer mathematically.
CCl, C.F, Chromium(lil) carbonate

Cr3+ (()32 =
\,/

V
CVZ(@;
_ (3x 12.0)

X100

10



Ch 8 Part 2

Balancing equations with polyatomic ions involved—a short cut.

Treat the polyatomics as a single unit if they are unchanged from the product to reactant side. Water
can be treated as HOH.

2‘ANO +

ANO; + | cus [ cuNog, + Z-ag

l KsPO, + ‘ AI(NO3); — 3 KNO; + AIPO,

ALﬂz_so‘t +__2_—N@ > _’_Na2804 + 2 o

11
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O%H + %00 « %0 + O°H%D
O%H + %00 « %0 + "HO

OZH ¥ *0) oD

20 WB <}202)

4

VoJ

D CSQ»Gu 0 | otH + 200 « 20 +FO'"HD||  uonsnquiog
20 + 91084 « {*0I0)ed o
200 + 0D « f00ED Ee&i%% 7| 3

(B)410 +(S)BW « 40BN | WS Wl

°0 +°H « O°H S vy 4&50%8 v g+V e« av uonisodwoos s

YOPN< 2ONZ

(0704 ~ 0+ 04| pyvoduilD SgsBT ¥
EEHEBNDE| AN Y TVIqWD)

O%H «~ %0 + °H ﬁ SSSJ\N \N P @Tn@lﬂ.ﬂ. sisayuAgd

O%H + "OS% « YOS?H + HO oMol

S%H + 4084 « IOH + S°d

WHMS ,, Ao.so..

a9

Juswaoe|dal

TONH <» N

—FONEN + OBV —TOBN +TONBV | (yjorsn) qpuwdwiod 7 8X + AV — AX + 8V -e|gnog
219 + |DBN « JgeN + %0 3\,0%“ < +§
1= By + ON)ND « [nD + CONBV ub 4 ?5&58
_(*H3T0UZ — 10H + UZ v 0 T o)
—_— A + € — (€ NN . yuswaoe|dal
= N3 + Y°ON)° Aow&,oﬂu& gy UD > - dW0) Ly VXA A+ XY “alBUIS
sojdwex3 wMocm_mn:: uonduosag uonenba |esouag | adA} uonoeay
% &O/) P sadA] uonoeay :zZ ued whﬁnm:o



O Chapter 9 Part 1: Introduction to Stoichiometry

Interpreting a Chemical Equation:

2H, 0 —

7

Kl

The recipe for Dr. Seuss Special

2H> + O,

([D\am + 2 green eggs 1 Dr. Seuss Special .

Based on this recipe:

1) If I made 3 Dr. Seuss Specials, howmany hams)did | need?

3055 | dhams>_

2) If I made 8 Dr. Seuss Specials, how@any green eggsylid | need?

0SS, 2 Ay

] | T

3) Ifl have 5 hams, how many green eggs to | need to use all the hams?

l

S DT =585 = (TOegr

4) If I have 30 green eggs, how many hams do | need to use all the eggs?

SOeggfx \Q_Dgyx

‘
5) If I have 4 hams and 300 green eggs,%&w many Dr. Seuss specials can | make?

6) If I have 510 hams and 32 green eggs, how many Dr. Seuss specials can | make?

12



Mole Ratios

Here’s an example of a chemical recipe: 4Fe + 30, — 2Fe;0; S"‘

Based on the recipe (balanced equation) above:

a) If I have 1.0 mole of Fe WIt how manx mo|es of Fe;O3 will | make?

4Fe 302—: 2Fe203 t
1.0 wot-Fe .
\

b) How many moles of oxygen will | need to react with 1.0 mole of Fe?

4Fe + 30; — 2Fe203

e——
——

|.Owmdl
Low e L%mﬂg;e:aﬁm)o

@e + 30, —f2Fe,03

6.0 md Fe,0= H wmol Fe (_>
( . 2_ mol Fe20- L2 wel Fe

¢) How many moles of Fe do | need to producEG.O moles of Fe203? >

So, Stoichiometry is simply the calculation of quantities in reactions, and the key to

Stoichiometry problems is the MOLE RATIO from the balanced equation. Every Stoichiometry
problem uses the MOLE RATIO from the balanced equation ‘
IIA Mole-Mole Calculations

14



Q How many moles of chlorine gas are needed to produce 0.0012 moles of HCI according to

\‘(0 the reaction below?
O 2Clx(g) + 2H,0(1) > 4HCI(g) + O2(g)

0\(0 How many moles of oxygen are produced when 3.2 moles of HCI are made?

2CI2CO(Q) 2H,0(l) > 4HCI(g) + 2CO(g) + Oa(g)

O\lO Given 6 moles of Aluminum, find the moles of copper produced.

. 3CuClx(aq) + 2Al(s) > 2AICI3(aq) + 3 Cu(s)

IIB Mole to Mass
Given 3.0 moles of Al and excess copper(ll)chloride, how many/grams of copper Will be

produced?
3CuClz(aq) + 2Al(s) > 2AICls(aq) 3 Cu(s)

?).O_QBTD(/ATX W 6355 Cu =2‘3-5CC‘8
3 U

@ grams of watepare neegd d to react wﬂh@ 15 moles of chlorine gas? D

|2(9) X 20(| —> 4HC|(Q) +02(g)

Ve B> el {3 i)

® Q5wmlty 2 Wuzuo 8.0 4 Hm)
! 7 mol é(”" / 20

:2—74 ’HZO 1R

"® 0s”




IIC Mole to Count (number of representative particle) zsfF O
How many molecules of oxygen)gas are needed to react completely with 40. moles of
propanol (C3HeO)?
CsHgO + f‘-_Oz - 3C0O, + 3H,0
HO. V%\/G'{FIQ/QX Y Wg ', 0L decun. O

| w 3H60 ] 2

How man ill be produced when 0.056 moles of oxygen are consumed?

C3HgO + 40, - 3CO, +‘3‘H20

ot 02}l ta}-5{Hzo mateuker [

IID Mole to Volume

How many liters of oxygen gas are need to react completely with ﬁmm:m__m
CHy 2t ST
[Ha(g) +1202(9) > COx(g) + 2Hz0(g)

How manyliters of oxygen@will be produced from the decomposition of 2.0 moles of
_potassium chlorate? (oxygen candle reaction)

QEO/ Rod v@<cuo3(‘s)‘e 2KCl(s) 43D:(g)

16



Mixed Stoichiometry

Mole

Mole-ratio

1. How mar@ liters of oxygea'vill be needed to react completely with 58 grams of C3Hgat
STP?

@3H8 +(50, — 3CO, + 4H,0 gPqu”
f g ¢

= X
\ Hy.0 % MLESHE ™ | ol O,
2. How many liters of oxygen will react with 4.2 moles of phosphorus to form diphosphorus
pentoxide at STP?

4P + 50, — 2P,05

O

Y Vv
_—> 3. How many grams of iron will react with 562.2 grams of oxygen to form rust?
@ e(s) 2(9) — 2Fez03

SbZ.Zﬂ O‘Z'K | mel 0z »
\ 51.03 02

. How many grams of phosgene, Cl,CO, will produce 1.22 grams of hydrochloric acid, HCI, in
the presence of excess water™
Cl,CO + H0 = 2HCI + CO2

4 1O —fmol HG—{ e Clacot]gClac

5. How many grams of iron(lll) oxide (rust) are produced when 2.3 moles of oxygen reacts
with iron?
(Ans = 240 g)4Fe(s) + 302(g) — 2Fe203

17
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v
How man react completely with 3x10%' molecules of 'Sito form Q
carbon disulfid&™ -
4C(s) + Sg(s) — 4CSz(g)
JEZ| W’m Y | i #ng %llﬁ
| ot , tclee~Sgm | ¢ | mir
X

7.) How many liters of oxygen will be needed to react with 0.42 moles of nitrogen to make
dinitrogen pentoxide at STP?

2Nz + 502 — 2N05

How manylérams of butane, C4H1o jare needed to react completely with 82 liters of oxygen
(294H10 (13D, — 8CO, + 10H,0

T2 2y | md’Oix Z mo! fo
| M LO7 |3 2

= r 3 3 ‘j CuyHio

@ How many Ii@s of oxygen are required to react with 25.5 g of magnesium at STP?
— " ig(s) {Dulg) - 2UG0E

Ig_/@ﬁ]—a ol M ———> L;Oz
L—Tj\( L2 o [ S
it A s¢c BEgr o2 M

ow many molecules of ammonia are produced from 3.0 liters of hydrogen reacting with
excess nitrogen at STP?

N2(g) + 3H2(g) — 2NHj5(1)

18
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Chapter 10 Part 1: Gas Properties Skeleton Notes
Kinetic Theory: PO('{\ ((ZA a (Q ng’b "“HM ! /' Wd'{'\ avy

[ HOITER wialler oy FASTER wikien
l. Kinetic Theory as applied to gases. !< E = _z(. m V’-

A) Gas particles have negligible volume compared to container size*
B) Gas particles do not attract or repel each other*
C) Gas particle move constantly, rapidly and randomly
D) All collisions perfectly elastic (particles collide like billiard balls, not marshmallows)
*key characteristics of “ideal gases”

Il Gas pressure (units, atmospheric pressure, altitude and air pressure)

A) Gas pressure caused by CC)H\S)‘C/Y\D G'G DO/”'\"OL(/) [ln// VV)UM?M’}UM
w/ U0 condoningn ("DMS'/H\A&S
_ _Force (lbs)

B) Units: Sl unit: 5 N / ML = Area (1n?)
C) Standard Temperature d%ressure (ST&)- O C g( l a'h"f (sea level)

4 ORSEEAt iﬂ L atm=_00L.5 .5 kpa= 7’59@ mmﬁg 700 torr = \Y.7
. _hl

2. Converting between pressure units.

5.2 kPa = ? mmHg<=— (15 mmHg = ? ath
- S mMwmH
S.2 ko UogwHe ) 2« 7£0 —
Tk | 377:>
| 129.7 kPa = ? atm = ? psi = ? torr

37.0 psi = ? torr

3’/0% | | 24

w-z i

lll Kinetic Energy and Kelvin temperature scale
A) When we measure temperature, we measure average kinetic energy (speed)

B) Gas particle’s kinetic energy increases as 4@[\@@"0 "’\A (6 (nueases

T b 0bsalule ! 'D\wd/tﬁ pap . b [CE-
O «< - %,
D) Tem’Lperature note for worki\nf with gases. OV\(u \ A% KQW‘ n. ( / (

@ﬂ‘ff‘f’ K = ,/( (k

C

19
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Chapter 12 Part 1: Boyles and Charles Law Skeleton Notes

| Variables Describing Gases

P= ‘oress UL V= volmmae,
T= __kmpuc&lm, n=_ H of [MOW
Il Factors Affecting Gas Pressure ,t GW\WM/

A) Changing the amount of gas particles in a closed container (n).
Doubling the number of gas molecules doubles pressure. Halving the number of molecules
halves the pressure
Example: pumping up a playground ball

B) Changing the container gas container volume (T and n
stay constant)
Reducing the size of a container increases the gas
pressure. Increasing the size decreases gas pressure.
Example: bicycle pump

C) Changing the temperature (V and n stay constant)
Increasing the temperature increases pressure. Why?

Example: aerosol can in fire

Il The Gas Laws

A) Boyle’s Law (Volume-Pressure Change)

1) Verbally: Volume varies inversely with pressure at a constant temperature ?
2) Math Equation: P' v‘ = P‘L v 2 v
Example 1: A balloon 'Ze'r'\tains 11 L of ﬁg‘gas at 101.3 kPA at sea level. What is the

ballogi\n s volume in Denver at 85.3 kPa. (assume temperature is constant)

[ fwnal (m, 5)( (S’S é) Va

P,-lotm PL— 5.3 Kfa :
Vi= Il L \(3 L @

Example 2: If a piston compresses the air in a 0.52 Liter cylinder to 0.12 liters at 760 mm

I-_i‘_q. What will be the pressure in the  cvlinder Efter_%g%uan
jnhal | Bwal 2 \I 1

H

e _,P_‘__‘_/_'- = P -
S8 L Vz P
10of3 P' 760 .,.w)\ ??—_C}MM j

V.= 091U \(,= 0.12

3300 Mml—(ﬁ
—(\7

20
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A) Charles’s Law for Temperature-Volume Change
1) Verbally: The volume of a fixed mass of gas igdirectly proportional to>

—————

its temperature (Kelvin) at constant pressure.
V., V.
—-————_: —
r )<

3) A balloon shrinks as it gets colder, and expands as it gets warmer.

2) Math Equation:

Example 1: You buy a helium balloon for your friend’s birthday. It has a volume of 8.0 lite IS
in the store at 101.3 kPa and 20.°C. How largelwill the balloon be after you leave it sitting in
your hot car at 60. °C’?(pressure still = 101.3 kPa)

V| V 2 V Tz.

\whal Kk Fuoal — === V
?.=E\>§@’?§. ==y T T, X, z
Vi~ SoL V‘in jL
T =223K| Tz = 333 K

Example 2: Your friend takes the same balloon (8.0 liters at 20°
Antarctica where the balloon’s volume shrinks to 6,9 liters '

Antarctic\a/'n Kelvins?(Ans = 253 K = with sig figs)
V" V2 V.- T
. ""7': —5 7, =zt
*T" . 1 T

V' .
B) Gay-Lussac’s Law (Pressure-Temperature Intg[agtion} C
igdirectly proportionalto

1) Verbally: The pressure of a gas i
its temperature (K) oc

2) Math Equation: R ?L ' Z

T T2
N,%,?;) Example 1: The tire pressure in a car’s tires is,2.3 atmospheres,at 38°C. What will the

tire pressure be at -10.°C? P T E
' K
2.3 adm Fo * ahe

3K T THe3 N ) | akm

4) Example 2: The pressure in a cylinder of gas is 760 mm Hg at exactly 0°C. What is the
pressure of the gas at 500.°C?

_lbO\mej B v,
213K ~ 713 K P L—\(

mwkj

20f3
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(0.339-507)

K
1) The temperatiﬁofjaT unknown gas begins at 507 K, and is decreased so that the final ! w

temperature is\33.8%of the initial temperature. The pressure remains constant, but the
volume changed. If the initial volume was 2.48x10° L, what is the final volume?

T,=501K Tz {TI1K (zqg0)L (¥38 1
V= 2HRE3L \a= 500 Kk \1IK

Advanced Gas Law Practice:

2) The final pressure of a gas is 240% of the initial pressure, which was 228.8 kPa. The
volume of the gas remained constant at 857.6 cm®. Determine the initial temperature if
the final temperature was 1800 K.

3) A large spherical balloon, filled with helium, has a radius of 84.0 cm. A student then heats
£ the balloon, increasing the temperature from 40.0°C to 98.0°. Assume that the pressure ~
in the balloon remains constant as both the temperature and volume vary. He measured == )
the radius before and after heating the balloon.
a) Which variable is the independent variable? On which axis does it belong?

b) Which variable is the dependent variable? On which axis does it belong?

c) Calculate the initial (V4) and final (V2) volumes of the spherical balloon with
appropriate units.

d) Calculate the final radius of the spherical balloon in cm.

30f3
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Chemistry Unit 3
Primary reference: CHEMISTRY, Addison-Wesley
[ Topic Essential Knowledge Study Support
Scientific Use unit cancelation method for stoichiometry. Ch 10: Read p 270
Investigation Use graphing calculators and probeware to investigate gas behavior. about making and
1.3 interpreting graphs.
SCL ig, 1h
Nomenclature, | Polyatomic ions/are a group of atoms covalently bonded together that have a | Ch 6:Read pp 146-
Formulas, and | charge. Use subscripts outside of parantheses to balance the charges of 147 on polyatomic
Reactions polyatomic ions when more than one is present in compound, (NH,),SO,. Do not | ions. Know the
reduce subscripts of polyatomics. following polyatomic
3.3 ions: OH’, S04, NO5,
When two or more substances combine to form a single product, the reaction is PO,?, CO3% and NH,*
SOL called a synthesis reaction, also known as a combination reaction. In a
3a,3b,3¢,3d,3e | decomposition reaction, a compound breaks down into two or more simpler Ch 8: Read pp. 212-
substances. In a single replacement reaction one element takes the place of | 223 on reaction types.
another in a compound. Ex) A +BC > AC + B
In a double replacement reaction the positive portions of two ionic
compounds are interchanged. Ex) AB +CD - AD + CB
Combustion reactions occur when a substance is heated in the presence of
oxygen. Many combustion reactions involve the heating of a hydrocarbon in the
presence of oxygen to form carbon dioxide and water.,
Molar
Relationships Because matter cannot be created or destroyed, the total mass of the :
4.3 products is equal to the total mass of the reactants in a chemicat Ch 9: Read pp. 237-
reaction. 239 on stoichiometry.
SOL 4a,4b Molar masses from the periodic table and mole ratios from the balanced equation
can be used to calculate the mass of a reactant or product. (Mole-mole, mass- Ch 12: Read pp 347-
mass, particle-particle, gas volume-mole at ST| P) 349 on Gas
| Stoichiometry
Phases of Pressure and temperature both affect the volume that a gas occupies. Ch 12: Read pp. 327-
r;‘:;; CL The pressure anc! volume of a sample of a gas at constant temperature are ?eispgragffefsgsure’
Molecular inversely proportional to each other (Boyle’s Law). pressure interactions.
Theory Boyle’s Law Equation: P,V, = P,V
5.3 At constant pressure, the volume of a fixed amount of gas is directly
SOL 53,5b proportional to its absolute temperature (Charles’ Law).
(Charles’s Law Equation: V,/T, = V,/TJ ‘
At constant volume, the pressure of a fixed amount of gas is directly proportional
to its pressure.
I_Ejuation: Pl/Tl = Pz/ﬂ
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Unit 3 Objectives Chemistry, Addison-Wesley, 2002

Tonic Compounds with Polyatomic lons
A. Polyatomic Ions
B. Names <> Formulas Ternary Ionic Compounds
C. Mixed naming (molecular and ionic)
Calculating Percent Composition (Revisiting molar mass)
Identifying Reaction Types: single replacement, double replacement, synthesis, decomposition, or combustion
Stoichiometry—Calculating Theoretical Yields
A. Mole-mole
B. Mole to particles
C. Mole to grams
D. Mole to gas volume at STP
E. Mixed stochiometry
Gases at non-STP Conditions
Kinetic Theory and Gas Particle Properties
Gas Pressure (units, atmospheric pressure, altitude, air pressure)
Kinetic Energy and Kelvin Temperature Scale ‘
Variables describing gases (pressure, temperature, volume, quantity/moles)
Boyle’s Law (p 335#10,11)
Charles’s Law (p337#12,13,p356#47,50(concept)
Gay-Lussac’s Law (p338#14, p339#15, p356#51)

OmmooO®mP

Objectives (SOL) book problens

1. Review the following areas on the periodic table: alkali metals, alkaline earth metals, halogens, noble or
inert gases, representative elements, transition metals, non-metals, metals, and metalloids.(2d)

2. Review using the roman numeral Stock System to identify and name transition metal ions.(3a)

3. Memorize the names, formulas and charges of the polyatomic ions OH’, S0,>, NOy, PO, COy”, HCOy,
CH3C02- and NI‘I4+

4. Write the formulas for ionic and molecular compounds given their names and visa versa.(3a)
Ionic(pl55:#29, p166#,61,) molecular (p159#38) lonic(p153#26,27; pl56#30,31,p167#67,69)
Molecular(p159#37)

5. Calculate the percent composition of a compound.(4a) (p191#3 1-33;p192#34;p195#41,42;p198#60,61,62)
6. Classify a chemical reaction by the following five types: synthesis, decomposition, single replacement,
double replacement, and combustion. (3¢)

7. Calculate theoretical chemical quantities from balanced equations(4b)

8. Memorize the STP conditions for pressure in mm Hg, Atm, and kPa. You will also be able to convert

betweenthem. © T s el
9. Explain the relationship between increasing kinetic energy and increasing temperature.
' 10. Discuss the three characteristics of ideal gases according to the kinetic theory

11. Use Boyle’s law to calculate gas pressure-volume changes
12. Use Charles’s law to calculate gas temperature-volume changes
13. Use Gay-Lussac’s law to calculate pressure-temperature changes



POLYATOMIC IONS
Poly- means and -atomic means , 80 polyatomic ions are jons with >1 atom.
We've already learned about monatomic ions. (Mono- means ).

Examples of monatomic ions: CI', Na*, K*, Br'...

Who ate what where? Mnemonic Device for 5 Common Polyatomic Anions

P L]
The first letter (or two letters, for “clam”) is the first element.
The number of consonants (“Nick™ N, ¢, and k= 3 consonants) is the number of oxygen atoms.
The number of vowels (“Nick”: i = 1 vowel) is the charge on the entire polyatomic ion.

Use the mnemonic to write tlat anions™c

There are two more polyatomic ions )

and |ammonium cation

you must know: | hydroxide ap ‘

[IMPORTANT: Atom that form negative charges (anions) usually end in , and atoms
that form positive charges can end in |

Additional Information & Tips:

Anions (negatively-charged ions) that end in “-ate” or “-ite” have oxygen atoms. Professionally, these

are called (and that makes a lot of sense. Look at the namel)
Chromate (CrO4%) is an anion with the two elements &
Silicates (SiOy) are compound that is made of the elements &

. The “x” means that the number of oxygens can vary.




'S

The “normal” version of the 5 main polyatomic anions (nitrate, carbonate, chlorate, sulfate, phosphate), all end
in . This is what you get from the normal Nick the Camel ©

Weird Endings to Polyatomic lons: The # of Oxygen Changes BUT NEVER THE !

If there is 1 extra oxygen atom, the root—or main element—of the name (nitr-, carbon-,
sulf-, chlor-, phosph-) is surrounded by PER ATE

If there is the “normal” number of carbons, it's what you already know: ATE

How to Remember:
Hey... are you super great?

If you've got an extra oxy@v, then you're “super great” so use “per- and “-ate”!

...Are you just great?

If you've got all of your normal # of oxygens, then you're just “great” so just use “-ate’!

Uh-oh... Now you hae fewer oxygens than you normafiyhavesi Nick the Camel.'

If there is 1 fewer oxygen, the rdot is now surrounded by _ITE.

If there are 2 fewer oxygens, the root is now surrougided by HYPO ITE.

How to Remember:

Missing 1 oxygen? You'g not great. You're jufst “-ite”
Missing 2 oxygens? You'reYess than “-ite?”

You're “hypo ite”
(Hypo- means less than, lower than, under, below, decreased, etc. Think: hypothermia, hypoglycemic)

Purely Polyatomic Practice: If you have the name, give the formula. If you have the formula, give the name.

)Ny RLAORIN DR TG RENE EO TN LT s W 1) TS il P T b S, ST R
2) Hyposulﬁte - ' 7) Cérbonafe b
3) NH,' 8) PO,
4) POS* | '9) Chlorate
5) Hypochlorite » - 10)S04*

REMEMBER: Polyatomic ions are like “packages” and “best friends forever,” which means they travel
together. The charge applies to the entire package. They do get into compounds with cations. NaNO;
is sodium nitrate. MgS0, is magnesium sulfate. Li>CO; is lithium carbonate. Ca(ClO3); is

calcium chlorate... there are 2 “packages” of chlorate. Get it? Always make sure your (- ) and (+)
charges are balanced in the neutral compound!~~ - -~~~ -~~~



Practice Quiz: Together as a class.

2t o N2
Write the chemical formula for §tron§u?1 '_sglfii’té -’ SY S 03
What is ammonium? y_. It's positively charged, soit's a(n)_ Ca +'on » meaning it comes FIRST when
you name something, even though it's not a e dal
Write the chemical formula for ammonium chloride. NH, C |

Write the chemical formula for sodium hydroxide. N aOH i\,‘l& ‘ H

Zn(NOskis _Zinc _ nihmie

Vanadium(V) hydroxide is Vv C OH)s

Write the chemical formula for ammonium hydroxide.

Write the chemical formula for rubidium oxide. - Why doesn't rubidium have roman numerals

in parentheses?

Write the chemical formula for titanium(IV) oxide
Dinitrogen pentasulfideis
Xenon hexafluoride is
Why is monocarbon disulfide an incorrect name?

FeO and Fe20; are both iron oxide compounds. What is different about the irons in each compound?
Why is tripotassium phosphate an incorrect ionic name?

(®) Lead(lV) oxide is oI pbw O > m Pb OZ

Assessment: MUST include oxidation state (roman numerals in parentheses) for transition metals when you
write the name. All compounds are neutral, so do NOT include charges in your final answer on the line. Tip: Do
the switchy thing, or do the reverse... depending on what you're doing.

1) Cobalt(IT) e Cb(\NOzlz: 11) FesN,

2) Phosphorus _t_r_ﬁl-oride PClg 12) CdS

3) Ammonium bromide 13) Mg(ClO4), M %ﬂg{ggm ‘ZQZ:W()‘(V\‘\'C
4) Cesium selenide 14) NCl,

5) Iron(ll) perchlorate 15) AI(NO3)3

6) Nitrogen disulfide 16) K3PO4

7) Diphosphorus tetroxide 17) CF4

8) Oxygen difluoride 18) SO,

9) Dinitrogen monoxide 19) TiN

10) Nickel(lll) nitride NIN 20) W,05

N ‘-3+ N‘S-



1 of 3
Chapter 6 Part 2: Chemical Names and Formulas

A. Polyatomic lons
1) A polyatomic ion is a group of covalently bonded atoms that carries a charge—in other

words a charged molecule.

2) You need to memorize these eight: OH’", NOg', CO4%, SO4%, PO4>, NH,", CH3CO,", HCO3’

OH- NO3
2- 2- _
COs S0,% =
PO, = NH,*

CH3CO2’ HCO3




20f3
B. Names ©Formulas for Polyatomic lonic Compounds

1) Treat them just like binaries, except use parentheses when there is more than one

polyatomic.

Examples: Mg(OH), (NHy4),S

2) Name to Formula Practice

Potassium sulfate

Aluminum nitrate

Manganese(lV)carbonate

Calcium hydroxide

Ammonium phosphate

Iron(lll) acetate



30f3
3) Formula to name practice

NaHCO3 Sn(CO3)2
Cu(CH3CO2), Cr(S04)3
(NH4)2CO3 Mg(OH)z

Mixed lonic and Molecular Naming

Formula to Name Flowchart

Molecular lonic
7
\. _
NH4C| N205
Pb(S04)2 SO;

V205 Zn(HCOa)2



Jp comp bv Mass

Chapter Seven Part 2: Calculating Percent Composition of Elements in a Compound

Percent Composition: the percent by mass of an element in a compound

My* O*
Experimental based problems 3

A 8.20 g piece of magnesium combinesc€ompletelpwith 5.40 grams of oxygen to form a
compound. What is the percent composition of magnesium in this compound?

ZMﬂCS) + Ou(g %Z_M__QEO@

== K Conservahon
1,203 -+ 5.4(33 —>\3,603 of mass
k&
- 3.20a9 from M -
DMy = ls-eogr\m: - x100 = ©0.3 %> M

When a 14.2 g sample of mercury(ll) oxide is decomposed into its elements by heating, 13.2 g
of Hg is obtained. What is the percent composition of oxygen in this compound?

HjO £ Hg + 00
IL(.Z:’j —> 2.29 + 1.03

‘ )/ _ l.0 O2
Calculating Percent Composition from the Formula

Equation: % mass of element = __total mass of the element in the compound 100
—=> molar mass of entire compound -

T m e e T e g e

Find the percent composition o(c”ftiijqirine infiron(lll) chlorid I Fe C I 3

5.5
9, C| :(3:&35.%5)3)(,-5- el e, el 1;’:6 (55.%5)

—t
0220 4 < Ry, 3 (B -35.45D

"I x IEZ.ZOj [Msl
C=656% ClL >

Find the percent composition of oxygen in calcium nitrate —_—— -~ =~ -

o NOs™ = :Ca(NO9), |

1 €
_ (6x]60)g &)Wl beoysly T

G]o O"j ~ \e4y.0 3 é—whﬁﬁm
(=5%.5% O




Nat PO~

What is the percent composition of sodium in podium phosphate? NQ PO ’
l 3f ’H l

30+ 25.0 + 15.0431.0 €107 160 +16.0 + [6.0) q

%00
=~ U7, ND

OYO Calculate the percent composition of nitrogen in ammonium oxide.

NS O = (NHy).O
N=-—2%30 9N Y100 =(53.0 %N
o 52.3 q (NH).0 (S30%H

In which compound does carbon have a greater percentage of the composition by mass? Justify

—% your answer mathematically. O
CCl, #x @ Chromitgnr(lli) cargonaste
C \(Z.CCO g> 3
(2.0

| __l.0 _ 24 3
C7OC - \53.9 XIOO OZOC bz oo 0706 - 2§:6’ 9 )(IOO

=18 % C =39 9¢

=w 13 % C




Ch 8 Part 2

& |
Balancing equations with polyatomic ions involved—a short cut. A\ Qﬁcmq‘

Treat the polyatomics as a single unit if they are-Ginchan
can be treated as HOH.

Z afio] + e’ L eufiod + Z ag

rom the product to reactant side. Water

_ | _«jpo] + _(__Al(”Nog);; 5 2 Ko+ [ AlPO,|

| Fo) 20 - | fafo) iﬁ@




O%H + 200 « %0 + O°H®D
O%H + %00 « O + "HD

uonsNqwo)

20 +¢oeg « *0l0)ed
°00 + 0BD « 008D
(B)10 +(S)BIN « SIOBIN
°0 + °H « O°H

ONT_ +209 « 20 + 20"H*D

g+Vv < 8Vv

uonisodwooag

YOUN< “ONC
£0%ed « %0 + o
¢0°N « ON ,ON

O%H « %0 +°H

gy —~g+V

sisayjuAg

O%H + YOS? « YOS°H + HOM
| S%H + %094 « IOH + Sed
SONEN + [DBY < [OBN + FONBY

N

=

wswoeoe|dal

gX + AV « AX + 8V -8|gnod
2ig + [0BN « JgeN + %0
By + ¥EON)ND « OnD + CONBY
2H + 9QUZ « [OH +UZ
ng + {(EON)4 « “FON)NO + o A e A XY A o
uonduosag uonenbo [eiauag | adA} uoljoesy

sejdwexg paosuejequn

sodA ] uonoedy :Z Med 8 Jaydeyd




Chapter 9 Part 1: Introduction to Stoichiomeatry

Interpreting a Chemical Equation: W ’ —> d)oo + “

=7 ;‘ZH%E@

2 wedacalts of HoO dacamposes into 2. mclcules of
QY\CL 1 mdewle .

ot Oﬁ gm
The recipe for Dr. Seuss Special

an
[1 h#m + 2 green eggs = 1 Dr. Seuss Special /@
’ (@)

Based on this recipe:

1) Ifl made& Dr. Seuss Spemals how man |d I need? .. -
1 ﬁE’s’ am
2) Ifl made 8 Dr. Seuss Specials, how many green reen eggs did | need?

%%—Z@ 6 e

3) Ifl have 5 hams how many (green eggsjto l need to use all'the hams?

, 1O Qﬁa S
4) If I have 30 green eggs how many hams do I need to use all the eggs?

2055 L DES ,%EP: 5 hams

[

5) If I have 4 hams and300 green eggs?. how many Dr. Seuss specials can | make?

exwss

LI Dr. Seuss szua IS
6) If I have 510 hams and 32 green eggs, how maMn | make?

352 o | DS
,'ur K*Z %& — ,6 %222/&(5




\ &7 —> rust

Mole Ratios

Here's an example of a chemical recipe‘iFe + 30, — 2Fep03

Based on the recipe (balanced equation) above:

a) If I have 1.0 mole of Fe with €4c8880%yg8ir, how mang moles of Fe;03 will | make?
& e

4

4Fe + 302 - 2F6203
25 o e, @ i

F ézOS

b) How manyill I need to react with 1.0 mole of Fe?
N
( g:Ee +W

1 teot-Fe 3ol O2) _
| X —V =0.15

rﬂbl Oz_

>

c) How many@s of Fe -e do | need to produce 6. 6 moles of Fe,03?

@e + 30, -—9@;203

/ ~ e
m« Q“ Féjg -3, L’» h"&;; e ("’ﬁ 0 |
L — F /.U vo
[ 7 molks0y ° Fe

So, Stoichiometry is simply the calculation of quantities in reactions, and the key to
Stoichiometry problems is the MOLE RATIO from the balanced equation. Every Stoichiometry
problem uses the MOLE RATIO from the balanced equation

1A Mole-Mole Calculations



How many moles of chlorine gas are needed to produce 0.0012 moles of HCI according to
i elow?

the reaction =
(2C(g) + 2Hz0() >(4}1Ci(g) + Oo(g)

0.0012 Wx (mél Clz > _ — 0.0606
| | mo of yv\olC(‘z.
bx10™1

; How many moles of oxygen are produced when 3.2 moles of HCI are made?

2C1,CO(g) 2H,0(1) >/4RCI(g) + 2CO(g) #0a(0)
N\
2.2 mol W(/ I\ mol O _
\ : L/ ma Hcl @

Given 6 moles of Aluminum, find the moles of copper produced.

3CuCly(aq) + 2Al(s) > 2AICI3(aq) + 3 Cu(s)

IIE_Mole to Mass mdar mass witl e Raedod
Given 3.0 moles of Al and e excess copper(ll)chloride, how man@rams of copper will be

produced?
° 3CuCl(aq) 4{2MI(s) > 2AICI(aq) {3Icu(s)

%MX % b%.5 __,_2%(03&/\

How many grams of water are needed to react with 0.15 moles of chlorine gas?
Cly(g) +(2H;0(1) > 4HCI(g) + Os(g)

orsM 2 yol T, l‘GO@
V)Léf’

= 2_7 3 HzO



_—
IC Mole to Count (number of representative particle)

How man;é‘ molecules of oxygen gas’are needed to react completely with 40. moles of
propanol (C3HgO)?
C3HgO + 40, =2 3CO, + 3H.0
m()( Cg({bo > MO‘ 02 > Molew) Oz_
\lo.molw Xy (7°7'2W®
( Mal-€xH0 I mel6n

.? How many water molecules will be produced when 0.056 moles of oxygen are consumed?

O C3HgO 4@)2 > 3C02 0167,3
056 ol B3 3 MO b .Y
X X —=
( ) W W
ol L - e
\O( \% " l\I"i-ltc))l\/?/ :;)a\ri;’llllltre‘:: of vqenLglja(;a:e— negc—i tg/rg!:t) co%plest_e-{;ﬁlth 13 moles of m{:l;ne ,Y()

CH, at STP?
~CHy(g) + 202(g) > CO2(g) + 2H20(g)

130M 2 mob©; , Z24L O2
— lM | et 02

> How many ters of oxygen gas will be produced fom the decompositon of 2.0 moles of
potassium chlorate? (oxygen candle reaction) ‘[,

(2KCIOy(s) > 2KCI(s) ¥304(0)  o¥idarhion
¢

2.0 mol KO3 3 wd Oz ZZ YL Oz

l K 2 mol KC(O; " | ol Oy

=or L o




Mixed Stoichiometry

Mole-ratio
e po! hew”

-——}1. Hiﬁ many liters of oxygen will be neéded to react completely with@brams of CgzHgat

 (1&3Hs 45D, - 3C0, + 4H,0
S%Q‘H’g | milbsHT 5 w7 224(T 0D
( HU 9lste L TmolGly 1 meto,

=[50 L 0O,
-—> 2. How many liters of oxygen will react with 4.2 moles of phosphorus to form diphosphorus
OYO pentoxide at STP?

4P + 50, — 2P,05

—7> 3. How many grams of iron will reégt with®62.2 grams of oxygen Yo form rust?

e(s) 'lif 202(9) ——>|2F6203
1562.2 q O2 X | ol Oz X% L'{ ol Fe W SS-ESH Fe
7 32.03 Q2 3 ol 02 | o\ Fe

_.? 4. How many grams of phosgene, Cl,CO, will produce 1.22 grams of hydrochloric acid, HCIF,i‘n
the presence of excess water?
Cl,CO + H,0 = 2HCI + CO

3 HClL = ol HU —» mol Cl,CO0 — 9 Cl.CO

Useam olor u
Use m SC MM
of e ! Coe«cﬁu@v‘k" M ng.CO !
5. How many grams of iron(lll) oxide (rust) are produced when 2.3 moles of oxygen reacts

with iron?
(Ans = 240 g)4Fe(s) + 302(g) — 2Fe,0;



6. How many grams of carbon will react completely with 3x1 0%" molecules of Sgto form

carbon disulfide?
4C(s) + Sg(s) = 4CSy(9)

7. How many liters of oxygen will be needed to react with 0.42 moles of nitrogen to make

dinitrogen pentoxide at STP?
2Ny + 505 — 2N,05

8. How many grams of butane, C4H1o, are needed to react completely with 82 liters of oxygen

at STP?
2C4H40 + 130, — 8CO, + 10H,0

9. How many liters of oxygen are required to react with 25.5 g of magnesium at STP?
2Mg(s) + Ox(g) — 2MgO(s)

10.How many molecules of ammonia are produced from 3.0 liters of hydrogen reacting with

excess nitrogen at STP?
N2(g) + 3Ha(g) — 2NHs(l)



Chapter 10 Part 1: Gas Properties Skeleton Notes

KmetlcT eory: PO/"WBUA N ma‘“(’// are. C(/V\S‘fal/\'HM MOVW’Q.
(\noh‘wwam faster padvely mOﬁfm')

I. Kinetic Theory as applied to gases. KE = m L
A) Gas particles have negligible volume compared to container size*
B) Gas particles do HOMWF
C) Gas particle move constantly, rapidly and randomly
D) Al collisions perfectly elastic (particles collide like billiard balls, not marshmallows)
ilkey characteristics of “ideal gase:sﬂ

Il Gas pressure (units, atmospheric pressure, altitude and air pressure)

A) Gas pressure caused by b\( Lbna frF g ro PQ!&ZZ v PmS‘M%

Mawﬁ’ O Containun.

B) Umts Sl unit K;longgl ,.E 213K
C) Standard Temperature and Pressure (@ O l G’\VV\ (sea level)
s Oxnfgr%u%é: ﬁ» am=_l01.3 kPa = .m g=2é_(2torr=_u-_f;’_psi
2. Converting between pressure units. le/ n
—>»52kPa=?mmHg = 3q MM“g 15 mmHg = ? atm

52 ¥, 160 omaty l5wy,-"f@ | _adm = 0 p9
\ lb\ 3){% 76‘7M atm

’%370p3| ? torr 112 o 429.7 kPa = ? atm =-? psi = ? torr
H429.1 K4 [ d®m>
37.0 ,o,sw 160 Hovr =  Qtm
T T BECE

! lll Kinetic Energy and Kelvin temperature scale ,
A) When we measure temperature, we measure average kinetic energy (speed)

B) Gas particle’s kinetic energy increases as

C) Kelvin Temperature scale is abS()lMl(/”( DW&C—HM @@P()(‘h (0w | ’h) KE‘
21% k=_ O

.% D) Temperature note for working with gases. C?M \NA/-" C +o K

a(lv?o,/././//
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\/(vlhapiea' 12 Part 1: Boyles and Charles Law Skeleton Notes

| Variables Describing Gases L [',
)

p= ?VQSSU\Y‘Q V= Volume t;L\m’
T= TWPWM n= # Of M()\QA

Factors Affecting Gas Pressure
A) Changing the amount of gas particles in a closed container (n).
Doubling the number of gas molecules doubles pressure. Halving the number of molecules

halves the pressure
Example: pumping up a playground ball /LO i\ c,%m/ —> L"} O mol

B) Changing the container gas container volume (T and n

stay constant)
Reducing the size of a container increases the gas

pressure. Increasing the size decreases gas pressure.
Example: bicycle pump NoveD

Changmg the temperature (V and n stay constant)
Increasing the temperature increases pressure. Why?

™, P1

Example: aerosol can in fire

Il The Gas Laws P V — v
A) (Volume-Pressure Change) T
Verbally: Volume varies inversely with pressure at a constant temperature
~ 2) Math Equation: -

______ (1o1.3)(11) = Vo (85.3)

~ Example 1: A balloon contains 11 L of He gas at'101.3 kPA at sea level. What is the V _ |3 Y
balloon’s valume |¢Denver at 85.3 kPa. (assume temperature is constant) 1= 1.
L

Vi=AAL Vo=7L
e
7Y R0= 1013 kpa P, =§5.3KR

5 = Example 2: If a piston compresses the alr in a 0.52 Liter cylmder to 0.12 liters at 760 mm
3 Hg. What will be the pressure in the cylinder after compression?
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A) Charles’s Law for Temperature-Yolume Change V V&
1) Verbally: The volume of a fixed mass of gas is directly proportional t”
its temperature (Kelvin) at constant pressure. . ‘ 2

* L
2) Math Equation:

i A s S TR R A Tt |

3) A balloon shrinks ."

Example 1: You buy a Relium balloon for your friend's birthday. ,{lt has a volume of 8.0 liters
in the store at 101.3 kP& and 20.°C. How large will the balloon;‘be after you leave it sitting in
fessure still = 101.3 kPa)

Example 2: Your friend takes the sameballoon (8 0 liters at 20°C and 101.3 kPa) with her to
Antarctica where the balloon’s volume shrinks to 6.9 liters at 101.3 kPa. How cold is it in
Antarctica in Kelvins?(Ans = 253 K = with sig figs)

B) Gay-Lussac’s Law (P-ee S
1) Verbally: The pressure of a gas is directly proportional to
its temperature (K

—
2) Math Equation: Pl —~ 2 > 2\\ \4
T Ta b, ( ‘

3) Example 1: The tire pressure in a car’s tires is|2.3 atmospheres|at 38°C. What will the
tire pressure be at

T.>263K

4) Example 2: The pressure in a cylinder of gas is 760 mm Hg at exactly 0°C. What is the
pressure of the gas at 500.°C?
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Advanced Gas Law Practice:

1) The temperature of an unknown gas begins at 507 K, and is decreased so that the final
temperature is 33.8% of the initial temperature. The pressure remains constant, but the
volume changed. If the initial volume was 2. 48x10° L, what is the final volume?

2) The final pressure of a gas is 240% of the initial pressure which was 228.8 kPa. The
volume of the gas remained constant at 857.6 cm®. Determine the initial temperature if
the final temperature was 1800 K.

3) A large spherical balloon, filled with helium, has a radius of 84.0 cm. A student then heats
the balloon, increasing the temperature from 40.0°C to 98.0°. Assume that the pressure

in the balloon remains constant as both the temperature and volume vary. He measured
the radius before and after heating the balloon.

a) Which variable is the independent variable? On which axis does it belong?

b) Which variable is the dependent variable? On which axis does it belong?

c) Calculate the initial (V1) and final (V) volumes of the spherical balloon with

d) Calculate the final radius of the spherical balloon in cm.
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