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Stoichiometry

Average Atomic Mass (AAM) Topic#3

The average atomic mass of an element 1s the weighted average of the masses of the naturally occurring
isotopes in a 100g sample.

100
Isotope Abundance Atomic mass (amu) |
3f1\-|g 78.99% 23.98504 = :Tvz;g'ngr;)
SMg 10.00% 24.98584 ]
Mg 11.01% 25.98259 é &
‘ Copyrght © 2008 n....'...pma..._ [ ' - g :
Naturally occurring magnestum has 1sotopic abundances % 0]
4 ]
as shown. 1
(a) What is the average atomic mass of Mg? 2 By Yoyggr
7 (10.13%) (11.17%)
(b) Sketch the mass spectrum of Mg. |
0 1 I 1 I T 1 1
@ (0.73a0(23.23504) +(0.10Y24.935%4) o 2 2
Mass/charge

+ (00101 25.93259) = H.’So]sosoz(.

[{1.30 amn




Average Atomic Mass (AAM)

Stoichiometry

Topic#3
‘. 3 t : The diagram 1s a representation of 20 atoms of a fictitious element, which we
z A & ° i will call nevadium (Nv). The red spheres are 22*Nv, and the blue spheres are
0 © 0 9 | ¥
2 @ o
@ .‘s .1. .1 (a) Assuming that this sample 1s a statistically representative sample of the element,
o ‘ calculate the percent abundance of each 1sotope.
o
—."",, “‘ red: (12D I‘Z/za__ £0.0 °/e
- 243
Sic Zn% blue: (8 %ho= 40.0%

(b) If the mass of ?*Nv 15 293.15 amu and that of ?>Nv 15 295.15 amu, what 1s the
atomic weight of Nv?

AW, = (0.0Y(293.19) * (0.9) 215:15)

b?.‘l} 'fsamﬂ

(a) red (293) - (12/20) x 100% = 60%
blue (295) - (8/20) x 100% = 40%
(b) (293.15)(0.6) + (295.15)(0.4) = 293.95amu
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- A process that isolates and counts the isotopes of the element in a given mass.

- Percentage of isotope

carbon - 12 (MM = 44.01g/mol)
126C

carbon - 13 (MM = 45.01g/mol)
136C

carbon - 14 (MM = 46.01g/mol)
146C

CO,
& 07 ey

cof|

source

Mass Spectrometer
Schematic: depicting a
triple-collector system
arranged to analyze CO>.

RS — . heavier atom
g i ormolecule

or molecule ™2 : Tk

ion detectors UUU

CO, molecular masses { 4445 46
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Copper Isotopes

69.09

30.91

Mass Numbers

W Series1

neutron 1.008 664 u
proton  1.007 276 u
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Insert the video

Bozeman Video on Mass Spectroscopy

Sample WS#]1: Mass Spectroscopy

1. Element "E" is present with the following mass values and natural abundance.

Isotope Mass Number (amu) Percent Abundance (%)
i & 10.01

19.78
E 11.01

80.22
What 1s the average atomic mass of the element, E? What is the element?

AAM

(Ans: 10.81amu, boron)

C’Z}‘(m ass :H-)\-r (Z)z(n'nssﬁ)l
IOSB (0,478 10.60) + (0.3022)(11.61

I = 031z i =}}0.30v)

S

—
—
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Polvatomic Elements Topic#3

Polyatomic Elements
Diatomic: Hz, Nz, 02, Fz, C]z, 12, Brz

L OO

>=J

Hydrogen Nitrogen Oxygen Fluorine Chlorine Bromine lodine
(H3) (Ny) ©0,) (F3) (@) (Bry) (1)
(a) Elements that exist as diatomic molecules

S P v

Phosphorus Sulfur
(P,) (Sg)
(b) Elements that exist as polyatomic molecules

M Diatomic
B Polyatomic

Elemental phosphorus: Py Chemical equations using molecular elements:

Elemental Sulfur: Sg 2Hx(g) + Ox(g) = 2H:0(g)
Py(s) + 6Clx(g) = 4PChk(g)



Stoichiometry
Balancing Chemical Equations Topic#3

2. NH;(g) + 02(g) — NO(g) + H:0(g)

3. (NHg)2Cr2Os5(s) = Cr20s(s) + Na(g) + HzO(g)

4. CiHs(g) + 0Oa(g) — COi(g) + H,O(g)

5. Ca(OH)y(ag) + HiPO4(ag) — H,0()) + Cas(PO4)(s)

6. MoS,(s) + Oi(g) > MoOs(s) + SOx(g)
7.(0YO) CppHxO0p(s) + Ox(g) — COx(g) + HyO(g)

8.(OYO) Cr(s)+ Ss(s)— CraSs(s)




Stoichiometry
Mole Conversions Topic#3

Sample WS#2 - Mole-MM-Particles-Molar Volume
1. Americium 1s an element that does not occur naturally. It can be made in very small amounts in a

device known as a particle accelerator. Compare the mass in grams of a sample of
americium containing 6 atoms. (Ans: 2.42x102!g)

Un¥
Gvn NT S ke =
4 atoms Avemie Mess = .’143 nmu(a/gml) % — 1

| mol = ¢.022w0* atoms a 5
Solver ¢ atoms Am] Imol ] 243y =‘2 ¥ ID 3'

[ 6.022.4/0% atoms | Tmol

2. Calculate the molar mass of juglone (Ci0HsOs3). Juglone 1s a dye made from the husks of
black walnuts. What is the percent com osmon by mass of each element in juglone.

I Unk
Cio HLO3 Mf‘\v 174. 'LJ/m.ul-c 7 c_ o o
s:}"t(- |0Cn.ol %100 = éa.o O/O ‘7,” 35 /‘
o ) =
o 4 i,%'q%? oo 3.5 % 70« 3T 7

0+ 3(“‘);”06 116 %
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Mole Conversions Topic#3

3. What is the molar mass of a compound where 5.69 grams contains 7.79x10%* molecules?

Gon NT m
S.61 molkes :  BACiE LTy (Ans: 43.99g/mol)

=Y 23, veyadros % _——(,.017.)‘10"’ MM = 3 /mr{
1.7 %0 “prsrecules = 0. 127 moles

1 ] - ,‘q
Selve 1 M A %z R Ll SN :’l-l‘-!.llj/md!
. 0.12% males

4. How many moles, parts, and liters are in 2.45g of CO,?

— (Ans: (’)‘LOSS'/'moles, 3.35x10%* molecules, and 1.25L)
=— _NI= Dn K
Q-""‘ 53 Co?. nﬂc01= "l"f-O‘J/lho\ moltS’ mﬂl

Jmol = 22.4L parts moleehl'zs

Solve: 2954 Ymele = IO'0557@ - L
l "H-Olq

2%
o.oss'-w(lfl 4-021,’;1"’ melecsles, [3_ g x:'onmuemtfg

O.0557 moles '22-"“- -_-_{l,lSLl
I ] mole
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5. How many grams, parts, and liters are 0.589moles of CO,?
(Ans: 25.9g, 3.55x10%molecules, and 13.2L

'3
Gun NTK .Un
0.9 87 moles COJ‘ Mnco : 94,01 J/mc‘( mass °
Solvt 5 P“'*“ ——-—ﬂl'tculti
slve:

0.5%3Umeles | 4401y velumes L
P ‘ Mll bl 35.(13

0. 5%’!014/\ (-,.o‘:.?.uo”mohmles -[13.55 ,“0‘5
\ M{s B moleculed

0. 58 mol 'nm:*,)’_- : ];g.z L]
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6. (OYO) How many moles, grams, and liters are in 7.12x10*! molecules of CO,?
(Ans: 0.0118moles, 0.520g, and 0.265L)
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Compositional Stoichiometrv

000.

Glycine, an amino acid used by organisms to make proteins, is represented by the molecular model.

(a) Write 1ts molecular formula. clH, N“g, C 01 or C 5 Hg NO
(b) Determine 1ts molar mass. 2C+ S5H+ N+ 20 - 2(1r.00+ 5{.o)+ 1H.0] + 2(1L)-

. 75.08 4 )
(c) Calculate the mass of 3 moles of glycine. 3 ,?d ] l 75. o?: 22 5. 24 ﬁ L

(d) Calculate the percent nitrogen by mass in glycine

YN TN, * 0% w0 =[18.7 %

75.08

(a) C5HNO; (b) 75.08g/mol (c) 225.24 grams (d) %N = (14.01/75.08) x 100% = 18.66%
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Sample WSH3 - P c - 1 Hyd

1. What 1s the percent composition by mass of the elements in SO5?

%S S _ 30

—_— =

S0,

2.0 i20

RA— O R Ll X100% =40.0%
50z (320b+49%.20)

(32.0L+4%.08) X 100%

2. (OYO) Determine the percent of water in BaCO; @ 5H,0. What is the percent of barium in the hydrate?
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A hydrate 1s an 10onic compound that absorbs a specific ratio of waters into its crystal lattice.

Nomenclater: ionic name plus prefixhydrate
Ex. CuSQ, @ 5H;O

3. A 15.67 g sample of a hydrate of magnesium carbonate was heated, without decomposing the carbonate,
to drive off the water. The mass was reduced to 7.58 g. What is the formula of the hydrate?

Gun Nrw
15.C Tp My 05y K0 MA e 3430
7.5%9 MyCo, >

MM”;O - }g.ﬁl

§o\ut‘.

Massy ot 13.L7-7.58 = 3.0%5H0
. %09 _p.449mokes _
moles, o - e .Qa'o‘lor:w-e = H.919

molees 758 - o0.0a0 - 4

¥4.31 0.010"*

(Ans: MgCO;®5H,0)

Unk
x=_ O

% divide dhrough b‘a-
smullest # of moles

[rjlgc% 5 ”29
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4.(0OYO) A hydrate of N&,CO; has a mass of 4.31g before heating. After heating, the mass of the anhydrous
compound 1s found to be 3.22g. Determine the formula of the hydrate and then write out the name of
the hydrate.
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Nag CO5 + 2HCL—> Co + W0 +2NaCl

5. When you react 3.9267 grams of Na,COs; - nH,O with excess HCl(aq), 0 %039 grams of a gas is given off.
What 1s the number of water molecules bonded to Na,CO; (value ofn)?  (5) Na;COs - 10H,0

Gvn MTIA Dnk
3920679 NaCoenbad  ml €05 Imol 05 r’lr’\e, 4.0) nh: 10
Maes = 0.6039 (co)  Imol Cuy *-fm;":)':ws ARy cb, 10597 Nagld, 1040

Mnn (o | =
Solut )
moles CO : 0-6037 . .03 7mAesC02 = moles CO;' - moles NagCOs
H4 .0l Mﬂ 0 S H_{

Mass MazCO‘}‘. 0.0137 x 105299 = |. 452 ”‘Acob 0]37 5. 1390

N - - L A = 25‘5 HO 0:0137 00137
mass B0 Mo mNa,cos 3.9201- 1452 am P

Moles 1,0: 2515 . (4,340 md H)0 [~ [0
Teon
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Compositional Stoichiometrv Topic#3

6. (0OYO) If 1.951g BaCl, - nH,O yields 1.864 g of anhydrous BaSQ, after treatment with sulfuric acid,
calculate n. (Ans: BaCl, ® 2H,0)
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A H H H 0
C=C ¢ o l
! Benzaldehyde (¢c) HC—C—C—C—0—C—CH,
(a) “_(’\ ,(‘ —C—H (almond fragrance) i | |
o H{ H H
/ \ Isopenty] acetate
b .l.".. —— (banana flavor)

Based on the structural formula, calculate the percentage of carbon by mass percent in the compounds.

C7HO = 79.21% carbon by mass

76- - 7('2-(}'\ 1‘1'07 e s
0 el = 2 — = %160 = s i
ik C4HO 10613 10613 D

C7H140; = 64.6% carbon by mass

7C . 7(nop) _ 94.01 —_ -
%o C- C1HyO, 1302 s

130.21
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Empirical formula (EF): the simplest whole number ratio formula for a compound.
- True formula for an ionic compound (T10; not Ti,Oy)
Molecular Formula (MF): the simplest formula for a molecule, cannot be simplified.
- C¢H;20¢ cannot be simplified to CH,O (empirical formula) iR 0‘.
Formulas

e Empirical mass (EM) = the mass of the EF ® n=MM/EM EF: CHO ~ '1';’: AN
¢ Molecular mass (MM) = the mass of the MF ® MF =n(EF) . 36.03

Sample WS#4 - Empirical and Molecular Formulas
1. What is the empirical formula of a compound containing 40.0% sulfur and 60.0% oxygen by mass?

L« 1Oy B
Y qzoz*"g.iv _5‘6? =5 303

meles 253 312

e L2 5

- Sme “091' amt (A 5
I

rn,'l )
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Compositional Stoichiometrv Topic#3

2. A sample of an oxide of nitrogen is found to contain 30.4% nitrogen. What is its empirical formula?

N« [Oy E.l.
5 .
30.9( 69.6 Noz

Mol 16
217\ &35

)
l d
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3. Determine the empirical and molecular formulas for a compound that gives the following percentages upon
analysis (in mass percents): 71.65%ClI, 24.27%C, 4.07% H. The molar mass (MM) is known to be 98.96g/mol
Gun

NTK
<1659 ]

5 EFK: CICH,, MF = CLC;H,
Un
. fo'll.‘V:C;i‘:i-' 2.02236.45 E.F.= cwcCl
3427°% C Ef. A 93.9 M.F. = CaHq(l,
1-07% B TTEA Laa3t? A W,
I"H'\-. 9%.9¢ J/mol hC - ¢ "l-loo(‘eo
Selve: MF-n (EF g0

__C" HY\UL :2(c¢ H&cﬂ efhane

2427 |4.07| 7165

1Z2.01| 1.01] 35.95

——

207 | ZR| HEE
r |2 '

Hod
- L %o
S i N
202|403 202




Stoichiometry
Compositional Stoichiometry Topic#3 4. Ans: P,Os and P,Oy

4. A white powder is analyzed and found to contain 43.64% phosphorus and 56.36% oxygen by mass. The
compound has a MM of 283.88g/mol. What are the compound’s empirical and molecular formula?

Gvn NT b . F”-,nngos
43.649% P . A o
e % %\n:r’l!’l _ 2%3.88, 1
MM= 2838 EM 5 141,99
: m 2
S l\lt tmod,” | .
j’i 0 EF= 0,05 e (mm}(.qaw)-(z?’-"’)(" 4344)
43-:"‘ SL.\3,o EA: 2 (30.47) g =124 5 '0/30.‘17’ =X,
i 3| 35 L0 0.5434)
3;?-1: 332 141.94 Oy:(ﬂﬂ)(ﬂ.SbQ)é (2?351))( 5
41 g -
| ‘IH l3..5 m,-". ngﬁ F)) lé j /é l Y
ks XZ s 0 _
= - P, 05 ‘)xo : P1 Oto

’
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5. (OYO) Caffeine, a stimulant found in coffee, tea, and chocolate, contains 49.48% carbon, 5.15% hydrogen,
28.87% nitrogen, and 16.49% oxygen by mass and has a molar mass of 194.2g/mol. Determine the
molecular formula of caffeine. (Ans: CgH;oN,O»)
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Starter - Molecular Formulas
1. Epinephrine (adrenaline) 1s a hormone secreted into the bloodstream in times of danger and stress. It 1s
59.0% carbon, 7.1% hydrogen, 26.2% oxygen, and 7.7% nitrogen by mass. Its molar mass is about

180g/mol. What is its molecular formula?
Ans: C9H13 O3N

2. Phenyl magnesium bromide is used as a Grignard reagent in organic synthesis. Determine its empirical
and molecular formula if its molar mass is 181.313 g/mol and it contains 39.7458% carbon, 2.77956%
hydrogen, 13.4050% magnesium, and 44.0697% bromine. Ans: EF=MF=C;H;MgBr
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Compositional Stoichiometrv Topic#3
Combustion Analysis

The analyis of a combustion reaction where a hydrocarbon reacts with oxygen to produce carbon dioxide
and water. Hydrogen 1s 11.2% (0.112) by mass of water and carbon is 27.3% (0.273) by mass of carbon dioxide.
1. After combustion with excess oxygen, a 12.501g of a petroleum compound produced 38.196g of carbon
dioxide and 18.752 of water. A previous analysis determined that the compound does not contain oxygen.

Establish the empirical formula of the compound. ~(Ans: CsHpp)

Gun Fiby 3 Unk
i4=0] 5 Gy %fsuoy: s 309%':: 752 &F:Colle
33.196 4 Co, X0.213 y 0.112 C{J-en4ane)
197529 Hz0 l0.42%9C 2.y 0029"

Check (12.501) Bl Cq:? H;loc:n. ¢ Hao
Does M vMy= M2 0723 | 5 _x_s_gxi
0. 423+ 2.1002= ]2, 52% 0.363 1 2.08 Cus W ‘?:l o
v 5- 368 | oaee LG Cmcm S mCoN
| | 240 TR E R
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4.0\

)4,01+32)
{ = 0.30%

in MOy =

C%N

2. In the course of the combustion analysis of an unknown compound, 12.923g of carbon dioxide, 6.608g of
water and 6.755g of nitrogen dioxide was measured. The complete combustion of 11.014g of the compound
needed 15.256g of oxygen. What the compound’s emp1r1cal formula?

(AIlSZ CszNOz)

Gun Plig .
CyHyN,© + O, — (0, + H0 +nU
|'2°D_33602 \_IO\II“{:- w . j2. °{23 6.6038 61-755“
b.608y H, 0 —6.322 ¥ 0273 x@.12 —"—-a—%l
67554 NO, M, 4, 69250 B.gcz__'ﬁ 0;";0 9-§N
161ty CyHy N, Sewe ¢y |wy|Na ] o CyHyag, Ot
15.25645 0, 3,528 [0.799[2.054] 4. 642
Dc_bs.c&-_ ) j2.00 | 1o/ 1der| TTC ; TR

pES mc_"ml’f*""‘;u‘mcup 0.214(0.7134| 0. 147 0.2 CJ sNY,
3.5284+ 0.7490 t2.054 0.147| 0.147| 0147 | 0.147

= oz (o) 2 |am| 0] e

£ jndicde 0 i

3¢n S H’\
Com pm\nz
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3.(0YO0O) 12.915g of a biochemical substance was burned in an atmosphere of 50.123g of oxygen. Subsequent
analysis of the gaseous result yielded 18.942¢ carbon dioxide, 7.749g of water and 36.347g of
oxygen. Determine the empirical formula of the substance. (Ans: CIL,0)
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Compositional Stoichiometrv Topic#3
e © ®
@ P 8
®%

The diagram represents the collection of elements formed by a decomposition reaction. (a) If the blue spheres
represent N atoms and the red ones represent O atoms, what was the empirical formula of the original
compound? (b) Could you draw a diagram representing the molecules of the compound that had been
decomposed? Why or why not?
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e P
© @
@ ¢ 2 5

@ &
The diagram represents the collection of CO, and H,O molecules formed by complete combustion of a
hydrocarbon. What is the empirical formula of the hydrocarbon?

42
-
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' @ = ?
(s

Wyt C 2000 Paews Pardos el b

In the diagram, the white spheres represent hydrogen atoms, and the blue spheres represent nitrogen atoms. To be
consistent with the law of conservation of mass, how many NH; molecules should be shown in the right box?
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Co ® o R 3 2]
° % ° ¢ %o

Capyigrd € JU0N Pedsir Pradae el v

The diagram represents a chemical reaction in which the red spheres are oxygen atoms and the blue spheres
are nitrogen atoms. (a) Write the chemical formulas for the reactants and products. (b) Write a balanced
equation for the reaction. (¢) Is the diagram consistent with the law of conservation of mass?
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Reaction Stoichiomet Topic#3
T e massen * (Coelluw ) (MMuk) = massuk
1. Balanced equation
2. Determine limiting reactant (Coeffg“’ll)(MMgVH)

3. Solve for unknown

Sample WS#6 - Reaction Stoichi :

1. Solid lithium hydroxide 1s used in space vehicles to remove exhaled carbon dioxide from the living

environment by forming solid lithium carbonate and liquid water. What mass of gaseous carbon dioxide can be

-\—
absorbed by 1.00kg of lithium hydroxide? Ans: 920.g of CO,(g)
Gun NT Un k
1.60Kq L:OH 2L,0H + CO, —™ L;;w,* H, 0 m . 11
(1600 4 L:OH) Joooy 25 co, J

2L
”ALioH = 23.75.9/"“"l
P‘ﬂc.o,_'* 4.0l y /ol

)
1000 ¢ L:OH (quq,o)) = C“'Z),‘ES Co, (3 st

(2Y7)

Solwe 't
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massen * (Coelluw ) (MMuk) = massuk
(Coeflgn)(MMg)
2. Baking soda (NaHC (3) is often used as an antacid. It neutralizes excess hydrochloric acid secreted by the stomach:

NaHCQs(s) + HCl(ag) — NaCl(ag) + H2O(/) + COx(ag). Milk of magnesia, which is an aqueous suspension of
magnesium hydroxide, is also used as an antacid: Mg(OH)(s) + 2HCl(aq) — 2H>O(/) + MgClx(ag). Which is the more

effective antacid per gram, NaHCQO; or Mg(OH)? Ans: Mg(OH)
&un TSN un k.

1

oy MaHCOa NaHCGs(s) + HCl(ag) — NaCl(ag) + HoO(}) + COxaq) INalh CO

- s | , 3

Jo Mo (OH), Mg(OH(s) ¢ 2HCllag) > 210() + MgChiag) @
A’IMMg(OHjZ = 58.33g/11101

MMz = 36.46g/mol
Iy NeHCO / (DC36460\ _ 0. 434
(1) ( g4.01)
Iy mj(oml<('_ﬂ(36.%l s 1154
(1)(52.33) . uwco,[ imet | 18 I 36465
[3%°% | lN-H-cn}! mel
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massen * (Coelluw ) (MMuk) = massuk
(Coeflgyn)(MMeyn)
. Nitrogen gas can be prepared by passing gaseous ammonia over solid copper (IT) oxide at high temperatures.

The other products of the reaction are solid copper and water vapor. If a sample containing 18.1g of NH; 1s

reacted with 90.4g of CuO, which 1s the LR? How many grams of N\, would be formed? How much of the

excess reactant remains? ) (Ans: LR 1s CuO; 10.6g N, 5.23g NH;)
)
ovn Aﬁ A{ Wi, B¢ ynt j0.6aN
12.13 N3 2NH(g) +3Cu0() > No(e) +3Cu(s) +3H:0(e) 3",'_“;.—51‘8‘ ’
045 Ca0 131y 9093 Ty M- Vool Lo
alges MMcwo=7955g/mol MAS3¢a*
; (V) (28.02) ) _ 49.N, 14.9-10.6= 4.3 N, (excesd
A, % 13.19NH; Sy 14.94 3

A “10‘43&0 (l\(zanz) (;)(17 04)

43N, ((, T : 5.23
10.6. N N"3 in
(3)(7=[ 55 - b s
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Reaction Stoichiometrv Topic#3 Percent Yield = actual x 100%
theo
4. Methanol (CH;OH), also called methyl alcohol, is the simplest alcohol. It i1s used as a fuel in race cars and 1s

a potential replacement for gasoline. Methanol can be manufactured by combination of gaseous carbon
monoxide and hydrogen. Suppose 68.5kg CO(g) 1s reacted with 8.60kg H.(g). Calculate the theoretical yield
of methanol. If 3.57x10*g CH;OH is actually produced, what is the percent yield of methanol?

Gun al e F1 Ans: 6.82x10'g CH;OH: 52.0%
£8.54C0 co+ 2L cioH ynk
3.640Kg Hy  (.85xn% ?-f-mj’ 5 (2) (4hedd %pyicld:
357%mw'e  Mico—280lgmol Ypyicld = act | u50, m
= MM = 2.02g/mol h of . 1]~ ZE5 y 1007
('—‘-""‘- t) MMCH30H232.I(;ISOg/m01 e /DYl‘!J ‘Yhﬂ’ ¥ I.I
SO]‘c.- ( 2.053 = 3.57110
2075 (! Y3 = 7313303 CuBOH —6?22-5—;“4

l.'
A, e85 (0[7H )(ag.01)  [52.3%)

Ayt 3a0 x109H, (1)(32.05) :(,3,2'1530130” theoeck;cal

(2)( 2.02 ) EMaunt
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5.(0OYO) Bornite (CusFeS3) 1s a copper ore used in the production of copper. When heated, the
followimg reaction occurs: CusFeS;(s) + Ox(g) — Cu(s) + FeO(s) + SOa(g). If 2.50 metric
tons of bornite 1s reacted with 1.25 metric tons of oxygen and the process has an 86.3%
yield of copper, what mass of copper is produced? Ans: 1.20 metric tons (1.20x10°kg)
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Reaction Stoichiometrv Starter

The reaction of ethane gas (C;Hs) with chlorine gas produces C,HsCl as its main product (along with HCI). In
addition, the reaction invariably produces a variety of other minor products, including C;H,Cl,, C;H;Cls, and
others. Naturally, the production of these minor products reduces the yield of the main product. Calculate

the percent yield of C;HsCl if the reaction of 300.g of ethane with 650.g of chlorine produced 490.g of
C;HsCl. (Ans: 82.8%)




Stoichiometry

Topic#3
Standard Temperature and Pressure (STP
1 atm and 0°C (273K)

Molar Volume (gases @ STP): 1 mol of any gas =22.4L
1 atm (atmosphere) = 101.3kPa=101,300Pa = 760mmHg = 760torr = 14.7psi

Gas Stoichiometrv

R = ideal gas constant (depends on Mole Fraction
pressure) X. =
Pressure R value a = Ma
ny
Ideal Gas Law - 0.0821
PV =nRT
kPa 8.314 Xa=P,
Pr
mm Hg 62.4

torr
Daltons' Law of Partial Pressures - the total pressure (Pr) 1s equal to the sum of the
mdividual pressures of all the gases in the mixture including the collection of a gas over
water (water displacement). Pr=Pa+ Py + P+ ...or Pr= Pino + Peas
Note: the temperature of water relates to the partial pressure of the water vapor
You will need to be given this pressure or a table to find it. @ 100°C the Pipo= 1.00atm



Stoichiometry
Topic#3
P = nRT Imol =22.4L Pr = Pgas + Pr2o

Gas Stoichiometrv

l How many moles of gas are in an 85. 5L cyhnder of oxygen gas‘? (Ans: 3. 82 moles O,)
NTK Un 4

Gun
Imel 0, = 22.4 L malcsoz:______.mvf

25.5L 0, (3s5)
asSsSume Solve:
V8.3l = 3. Sll7m-l = (3. 32mel © s

STP .
22.
2. A contamer holds 0.8790 moles of carbon dioxide gas at 273K and 101.3kPa. What 1s the volume of the
containerz ‘E\Ans: 19.69L of C(G,) NT I Un K
P = 101.3 kPa Pv=n AT ve 127 | L
yE 3 L V=N RT
n= 0.3790 P
R= 3.3 ol
T: 273k v Solwe: ©-37903 (3.3 1Y) or 0.8710x 22k

Y

V:.
(3 s¢) o (,0,,33
rliqiﬂ‘
2. C8S L : :Dm



Stoichiometry

Gas Stoichiometry Topic#3

PV=nRT 1mol=2241 Pr=Pgs+ Puzo
3. 355mL of a gas, at 56.3°C, has a pressure of 789.2 torr. How many moles of gas are present?

(Ans: 0.0136 mole) NTK onle
Lon fVv=n RT s
P B 781. 2 xerr” . P\I/RT b _ti_bl:ib__ml
V = 355mLz 03551
A "2 od Solve
R = 0.082% n (781247, (0358) | 0.013 (B md
T= 273+ 563 (0.0711)/273 +56.3)
4. If the gas in question #3 had a mass of 0.598g, what is its molar mass? (Ans: 44.0g/mol)
Gun YTk Unl

m= 0. 5% mm-= 3 /el mnme= H49.0 o p,
mol = G.0136m{

Selwe: AR c.5% . 43. 247 5)

0013 bt



Stoichiometry
Gas Stoichiometry Topic#3

PV=nRT 1mol=224L Pr= Pes+ Pruro

5. In the combustion of sulfur, how many liters of sulfur dioxide are produced from 25.8g of sulfur? The gas is
collected at standard temperature and pressure. (Ans: 18.0L SO,)

Gun ( N i 1 UL
Veg = 18.0
25.94 Sg Sg + 80, = 8S0, S B 0tk
?
@ sTP 2534 i

Ime] =22.94

MAs =256 66 5/mel §

Lo
® ®@ &
258455 | L mel | 350, | 2240 _ Ig_o}wu.

B [ oot

0L50)
G) Co“\;(r" MuSS S 3 o Md\ts S? L{

@ Convird  moles 33 invte Moles SOZ
@ Convert moles 56.1 inke {iters S0, (molar velume)

Selve:




Stoichiometry

Gas Stoichiometry Topic#3

PV=nRT 1mol=224L Pr= Pes+ Pruro

6. I 101.58 liters of SO, was produced in the reaction from question #5, how many grams of oxygen were used?
(Ans: 145.11 grams of O,)

Gun N e _Une
e 0, = 145.1l
101.58L SO, Sg +802, B mas3 0, 2 1451

@STP wse Imel=22.4L
Solve:
B convert L SO, 10 moles O

[ 2241 | $50; | (mo) 0,
@ Converd molesof SO, intomoles o § CD?_

@  Conrert milesof 62 inle grams 04
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Gas Stoichiometry Topic#3

PV=nRT 1mol=2241 Pr= Pgs+ Puzo
7. Consider the unbalanced chemical equation for the combustion of propane:

GHs(g) + 0a(g) 2 H.O(g) + COx(g)
What volume of oxygen at 25°C and 1.04atm is needed for the complete combustion of 5.53grams of

propane? (Ans: 14.71. O,) Uwnw
— Nre @-‘“’5 Vo = 1.7 )
(P: ot GHg +50, —» W, 0 +3Co, ’
T= J5+273:=24%K 5539 L
R :0.0%82) MG e 94 1Ls/md F’V;'__“:S,;I
5.534 GGHg . Selve: 5 P
n: C5"“ s.saocsus[ mél ] 5 2 % . LIS

motes 02

| 445 | Gug o

V= @ezed(o.08200a9) |y 7’15LO
i : ; ]

% (1.04)
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PV=nRT 1mol=224L Pr= Pges+ Puro
8. (OYO) Ammonia and gaseous hydrogen chloride combine to form ammonium chloride. [f4.21L of ammonia at
27°C and 1.02atm 1s combined with 5.35L hydrogen chloride at 26°C and 0.998atm, what mass of

ammonium chloride will be produced? Which gas is the limiting reactant? Which gas is the excess
reactant? How many liters of the excess gas are left over? (Ans: 9.32¢g; NH;; HCI; 1.061. HCI)



Stoichiometry

Solution Stoichiometry Topic#3
M = moles/liters = mol/L = g/MM
L

[X] = moles of X/liters
If X is a soluble ionic compound then the [ion] equals the [X] multiplied by the subscript of the ion

Sample WS#8 - Solution Stoichiometry
1. What is the molarity of a solution of magnesium chloride'made from dissolving 15.00g in 450.mL of water?

What are the concentrations of the ions in solution? (Ans: [MgCl,]=0.350M; [Mg**]=0.350M; [CI""]=0.700M

Cvn S Mh gz 25.21 Ve
15.00 5 n- ﬂ%‘_ ’ i/Lﬂ_'l MaCly [nﬁdz].'_—'M
Hﬁo.ml - 0.“’501— ﬂjclz — Maﬂ.-\- > azel‘ EM;&J: M
-¥ ¥ + L
Solve I g O

K]
Cryt) - (357;) =‘o.350 M\
0-150
[Ma0,1 = x = [ny*)40.350M)
Ca = 2x = 20Myeh )= 2(0350) (0. To0 l’\)



Stoichiometry

Solution Stoichiometry Topic#3
45
2. How many grams of potassium dichromate are needed to make a 25.6mL of a 0.1054M solution?
Gvn Nk (Ans: 0.794g)
25.6mlL = 0-0256L M= 9/an Unie
i D1t
[ #8047 = 0.1054 o mass «_0. 71T
2 7 " ﬂ -
& mszCrZO.’ Zc""zJ /mol
lves
B e (s
O.-1054+ '

0-0256
o = @.10343(0.02,‘3:.3(194.1 )= 0-773'3 3



Stoichiometry

Solution Stoichiometry Topic#3

3. What 1s the volume of a 0.498 M sodium sulfate solution that contains 94.27 grams?
G\!n N 1T (Ans: 1.33L or 1330mL)

Un
2 ) Unk
anLSOq‘] ) qugn M= /l:l-ﬂ MMN‘zso'i' 142.05 VH)_O = .33 L
‘H273 M02507 (l%BOmL)
S[Solve

5 qq.).'},/
L = /./\r’\ T 142,058 /wd . 1,33“‘! L

N O.'-H%_ryg;!
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Solution Stoichiometry

Dilution Equation
MiVy= MV,
moles 1*' = moles 2"
miles = males
(Note: For 4th row transition metals, assume a charge of 2+ i1t no charge is given. Except V.

4. A biologist needs to make 50.0mL of a 0.250M solution of sodium chloride. The storeroom h

of an unopened certified container of 0.750M solution of sodium chloride. Is this enough to makeéher solution?
Gun

N1 Unw

M = 0.250 M MV MLV, Y@

VI: 50.0ml _Pi'._\—/-l—: Vz

M,
M, = 0.750M e
% ZVT is S0.0ml e NG V, * (0259%50) 1.7 mlL

0.750)
VT = Vsin V“zo (

(4 lud;on) enteds |k TmloS -ﬂ\t* 0750 M soln
E ) o i .| -\ r
VT -V5°I"\:Vl-lq_o dissolved in 33.3 mblol dist Ned wate

fo make S0.0mL of a2 0.250M saln.
VHZO'- S0~ 1677 e “ o
:33.3”[[-”10
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Solution Stoichiometry Topic#3

5. When you use 25.0mL of 4.0M HCl(aq) to produce hydrogen gas , how many grams of zinc does it react
with? What volume of hydrogen gas is produced if the temperature of the gas is 37°C under a pressure of

975mmllg? (Ans: 3.3g zinc; 0.99L)
NTK
st i Unwr
Gun_ < 2n+ 2HC) @ 2ZnCL+ H,

25.0mL of 4,0 M HCl mess, = _ >33 .

moles HCl~ W x M

= = |4 >
-]f”_’a‘-’?'?; 3\?““3]/0740’1.2834-'. mol =25 2" X 40>\ o 92T |
R=0.0821 2 0.1 molHCl B
Selve: () o.miMct] 2n | 6539 . 3,7{6‘153 2n = (3. 39 20\
—  ]Jzuwa [ mol Bress

O‘b O‘IM’IHC]I Hy = 0.05 mlesl,zn

2HCL /o pRT - (0.05%0.000)G6) = 0.9%19
P (l’l?Bj :




Stoichiometry

Solution Stoichiometry Topic#3
6. How much 0.80A4 HC] would be needed to dissolve a CaCC; pearl with a mass of 4.0grams?

Gun § Nt=_ ) (Ans: 0.10L or 100mL)

0-30M Hcl LHCl + Cacoy - H, Cb_3 + Cacly Unk
Mas>eaco, ® L B Viucer ® 0.10 |
(2 s.f) nnc.cos = 106.09 9 /o)
. mol
M- -
Selve:

- ‘1.03 C-\COS - 0'07‘1‘13 moles HCl

CaCO
’ (2s%)
L = mel . 0.07ABwl - 5 079!
M 0.36 md
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Solution Stoichiometry Topic#3

7. Throwing some scrap iron in a gold (IIT) nitrate solution causes gold metal to precipitate. How much 0.5CM
gold (IIT) nitrate solution would react with 224 grams of iron metal (the Fe(s) becomes the F&* ion)? (Ans:
5.34L Au(NGy); )

Sun Mtk Unk
0.50 A Aw(NOy)y ZAa.CMO;,\j +3Fe — 2Au *3F¢»(N0.s\;_ e Sl
2244 Fe M= mel MMg = 55.959 /mel

(25%)
Selve:
22"’3"_-2 I I mo) \ 2 Aa(“03)3 . Q.L‘—?‘f mdles
[55855 | 3 Fe Aw(NO3dy

L= mol o 2674 5.3‘%& -15.3¢C
M 0.56




Stoichiometry

Solution Stoichiometry Topic#3

8. When aqueous solutions of Na, SO, and Pb(NOs), are mixed, PbSO; precipitates. Calculate the mass of
PbSO, formed when 1.25L 0f 0.0500M Pb(INO;), and 2.00L of 0.0250M Na, SO, are mixed (Ans: 15.2g)

Gum N

1.25L of 0.0566 1 Noy S04 + Pb(NO), — 2NaNOy+PbSO4  m,,, = 152 )
0 (NOa), —_—
CSD L X M = malfs
2.00L s% 0.0250 11
Na, S04
62} Sol\”.'.‘.
(350 ’ 303.27 0
(S)) 125L %005 0.0625mi Aolun), | PbSUY 2 - 19.04
' [PolNog, | ' Pb S04

(S-J 2.66 x 6.0250% 0.05mol N-15°1] Pb S0y , e 15 I{L35




Stoichiometry
Solution Stoichiometry Topic#3

9. (0OYO) Sea water 1s about 0.5CM NaCl. To produce CL gas, a company evaporates sea water, melts the NaCl,
and runs electricity through it. How many kilograms of NaCl are needed to fill a tank car with
1,120,000 liters of chlorine gas at a pressure of 89.5atm, and a temperature of 32°C? How many liters
of seca water are needed? (Ans: 4.68x10°kg NaCl; 1.60x10'L)



Stoichiometry

Solution Stoichiometry Topic#3

29. Three volatile compounds X, Y, and Z each contain element Q. The percent by weight of element Q in each compound
was determined. Some of the data obtained are given below.

Percent by weight Molecular
Compound of Element Q Weight
X 64.8% 88.1
Y 73.0% 104.
z 59.3% 64.0

a. Determine the mass of element Q contained in 1.00 mole of each of the three compounds.

b. Calculate the most probable value of the atomic weight of element Q.

¢. Compound Z contains carbon, hydrogen, and element Q. When 1.00 gram of compound Z is oxidized and all of the
carbon and hydrogen are converted to oxides, 1.37 grams of CO; and 0.281 gram of water are produced. Determine the
most probable molecular formula of compound 7.
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Solution Stoichiometry Topic#3

In-Class Stoichiometry FRQ
A 10.0 g sample containing calcium carbonate and an inert material was placed in excess hydrochloric acid.
A reaction occurred producing calcium chloride, water, and carbon dioxide.
(a) Write a balanced equation for the reaction.
(b) When the reaction was complete, 1.55 g of carbon dioxide gas was collected. How many moles of
calcium carbonate were consumed 1n the reaction?
(c) If all the calctum carbonate initially present in the sample was consumed in the reaction, what
percent by mass of the sample was due to calcium carbonate?
(d) If the inert material was only silicon dioxide, what was the mole fraction of silicon dioxide in the
mixture? mole fraction = N1 = nl ntotal
(e) Perhaps there had been some other material present in the original sample that was not so inert and
generated a gas during the reaction. Would this have caused the calculated percentage of calcium
carbonate in the sample to be higher, lower or have no effect? Justify your response
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Solution Stoichiometry Topic#3

In-Class Stoichiometry FRQ
A 10.0 g sample containing calcium carbonate and an inert material was placed in excess hydrochloric acid.
A reaction occurred producing calcium chloride, water, and carbon dioxide.
(a) Write a balanced equation for the reaction.
(b) When the reaction was complete, 1.55 g of carbon dioxide gas was collected. How many moles of
calcium carbonate were consumed 1n the reaction?

Ans:  (
(
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Solution Stoichiometry Topic#3

In-Class Stoichiometry FRQ
A 10.0 g sample containing calcium carbonate and an inert material was placed in excess hydrochloric acid.
A reaction occurred producing calcium chloride, water, and carbon dioxide.
(c) If all the calcium carbonate initially present in the sample was consumed in the reaction, what
percent by mass of the sample was due to calcium carbonate?
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Solution Stoichiometrv Topic#3 X o
A

In-Class Stoichiometry FRQ Rzor
A 10.0 g sample containing calcium carbonate and an inert material was placed in excess hydrochloric acid.
A reaction occurred producing calcium chloride, water, and carbon dioxide.
(d) It the inert material was only silicon dioxide, what was the mole fraction of silicon dioxide in the
mixture?

Ans:
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Solution Stoichiometry Topic#3

In-Class Stoichiometry FRQ
A 10.0 g sample containing calcium carbonate and an inert material was placed in excess hydrochloric acid.
A reaction occurred producing calcium chloride, water, and carbon dioxide.
(e) Perhaps there had been some other material present in the original sample that was not so inert and
generated a gas during the reaction. Would this have caused the calculated percentage of calctum
carbonate in the sample to be higher, lower or have no effect? Justify your response
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End of Topic#3 - Stoichiometry



