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Worksheet 2.1: Mole to Mole Stoichiometry

Directions: Write balanced equations with states. Solve the problem. Assume water is available.

1. Liquid water decomposes into its elements. How many moles of hydrogen gas are produced if
is used?
R
step 1)BH:0p > 2Hyg + Oy
0.500mol  ?
step 3)0BO0IMBISHREOE x 2 mol of H,,, = 0.500 mol of H, (a)
2mol of H0
2. Sulphur reacts with barium oxide. How many moles of sulphur are needed if 2:00"mol of barium
oxide is used?
R G
1)1Ss(s) + BBaO(s)> 40,g) +8BaS(s)
? 2.00 mol
3)2X00MGIGHBED ., x 1 mol of Sg) = 0.250 mol of Sgy
3. Methane gas burns. How many moles of oxygen gas are needed to completely burn 8:00"mol of

?
R
DACHyy + 20y > €Oy +2H,0,

?
3) SIOOMGIGHCHNE x 2 mol of Oy = 6.00 moles of Oy
1 mol of CHyg)

4, Sodium and phosphorus react. How many moles of phosphorus are needed if 0.600'mol'of Soditim

is used?
R

1) @2Nasy + 1Pys = 4NasPyg

0.600 mol ?
3) DIGOONAGIGHNGR x 1 mole of P, =0.0500 moles of Py(s)
12 moles of Nag

5. Magnesium phosphate reacts with lithium carbonate. How many moles of lithium carbonate are
needed when is used?

R

G
1) I Mgg(PO4)2(S) + 3Li2C03(aq) > 3M9C03(5) + 2Li3PO4(aq)
?

3) HS0IMGIGTIMGSPONEE x 3 mol of Li,COs,g, = 4.50 mol of Li;COsq)
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6. Sulphur dioxide decomposes. How many moles of sulphur dioxide are needed to produce 0.30 mol of
r?

R G

1) 8S0y(q) > BSge + 80y

3) 0:30'moI'0f Sge] x 8 mol of SOy = 2.4 mol of Sulphur dioxide

7. Magnesium chloride reacts with sodium. How many moles of sodium are needed to react with 0:0250
_?

G R
l) 1 MgClz(aq) + 2Na(5) > Mg(s) + 2NaCI(aq)

3) 010250 Mol MaCloag of x 2 mol of Na, = 0.0500 mol of Na,) (5.00 x 107 mol)
1 mol of MgClzeq)

8. Iron (1) phosphate reacts with tin (IV) nitride. How many moles of tin (V) nitride are needed to produce
?

R (€

1) 2 Fes(POu)zs) + 1SN3Nys) > BFesNye) + Sna(POu)ag)

3) 0:500'mol6f FesN3 <) x 1 mol of SnsNy = 0.250 mol of tin (IV) phosphate
2 mol of FesNas)

9. Gasoline (CgHigy ) is burned. How many moles of carbon dioxide are produced when 3.00"mol of
e is reacted?
R

2 25 16 18
1) Al CgHiges) + 25/2 Oy 2 8COyq + IH,0()

3) 8.00'mol'6f CaHig, x 8 (16) mol of CO,q = 24.0 mol of carbon dioxide.

10. Chlorine reacts with potassium bromide. How many moles of chlorine would be needed to completely
use up ?
R
1) 1 Clz(g) + 2KBr(aq) >2 KBr(aq) + Br2(|)

3) 25molof KBrag x 1 mol of Cloqy =13 mol of chlorine
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Worksheet 2.2: Mole to Quantity Stoichiometry
Directions: Solve the following hypothetical stoichiometry problems. Assume water is available.

1. When 6:5 mol of solid potassium chloraté breaks into solid potassium chloride and oxygen gas, what

mass of solid potassium chloride is produced?
G R
1) IKC|O3(S) > 2KC|(S) + 302(9)
6.5 mol ?
UNIT ANALYSIS OR LINEAR METHOD
n = 65mol x 2 mol of KCl, |x 74.559 of KCly = 484 g =4.8x 10°g of KCl
2molofKCIOf 1 mol of KCl
STEP BY STEP METHOD
2) no conversion
3) mol ratio: ng=ng X RIG

65 MOEGHKEIO) x 2mol of KCl;) 2iMeEeFKEIS; ) = 6.5 moles of KCl

4) m=nM m=74.55 g/mel x 6.5 mel =484g = 4.8 x 10° g of KCl

2. When ? what volume of carbon dioxide at STP, will be produced?
R

1) B CHyg + 2 Ogg) > 1 COyg) + 2H;0(
UNIT ANALYSIS OR LINEAR METHOD:
500 molof CH: | 1 mol of CO, | 22.4L of CO, =112 L of CO,

| DmelefCH; | 1 mol of CO,

STEP BY STEP METHOD: 2) no conversion

3) ng=ng x RIG = 5[00/mMeI6f CHJ x 1mol of CO, /Amel'ef CH{ = 5.00 mol of CO,

4Hv=nV v =5.00 mol of CO, x 22.4L/mol =112 L of CO,
3. How many paiticles of hydrochloric acid is needed to neutralize 2,50 mol of calcium hydroxide?
R
1) 2HC|(aq) + IC&(OH)z(S) > 2H20(g) + C&Clz(aq)
? 2.5 mol

UNIT ANALYSIS OR LINEAR METHOD:
n=2:5'molof Ca(OH)zs x 2 mol of HCly X 6.02 x 10 23 particles of HClg = 3.01 E 24 particles

A'mol'ofCa(OH)as 1 mol of HCl

STEP BY STEP:
2) no conversion

3) nr=ng x R/G = 25imolef Ca(OH)3s x 2 mol of HClg
1 mol of Ca(OH)y)

n=5.0 mol
4) p=nxP  p=6.02x10"x5.0 mol = 3.01 E 24 or 3.01 x 10* particles of HCl

4. When — burns, what volume of water vapour will be produced at SATP?
R

1) 1 CiHy(l) + 6.504(g) > 4CO,(g) + 5H,0(g)
UNIT ANALYSIS OR LINEAR METHOD:;

5125 Molof CaHg. | 5 mol of H,0, | 24.8 L of H,O = 651 L of H20

[DMBIGACHHiG) ' 1 mol of H.Og
STEP BY STEP METHOD: 2) no conversion

3) nr=ng x RIG = 5:26imel6f CaHid) x 5mol of H.O/Amelef Calie)= 16.25 mol of H0(,

4)v=nV v = 16.25 mol of H,O x 24.8L/mol = 651 L of water
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5. When excess silver reacts with 845 mol of Zinc phosphaté, what mass of silver phosphate would be

produced?
R
1) 6Ag(s) + 1Zn3(PO4)2(S) > 2Ag3(PO4)(S) + SZn(S)
3.45 mol ?

UNIT ANALYSIS OR LINEAR METHOD:
845 mol 6f Zn3(PO.), x_2 mol of 2Ag;PO, x 418.58 g of AgsPO, =2888 g = 2.89 kg

LMOIGFZIEPON; L mol of AgsPO,

STEP BY STEP METHOD:  2) no conversion

3) ng=ne x RIG =845 mol6f Zn(POL);  x 2 mol of 2Ag;P0,=6.90 mol
1 mol of Zny(PO,)

4) m=Mn = (418.58 g/mol)(6.90 mol) = 2888 g = 2.89 x 10°g or 2.89 kg

6. reacts with cobalt (1) phosphate, what mass of cobalt (Il) phosphate is
needed? R
1) Fe(OH)z(aq) + C03(PO4)2aq) 2 3 Co(OH)zs) + Fes(PO4)zag)

3.00 mol ?
UNIT ANALYSIS OR LINEAR METHOD:
8.00'mol of Fe(OH)zag x 3 mol of Co(OH)y) X 552.55 g of Co3(PO4)ys) = 278.85 = 279 g of Co(OH),
8molofFe(OM)ze 1 mol of Co3(PO4)x)
STEP BY STEP METHOD:
2) no conversion

3) ng=ng x RIG =3.00'mol""of Fe(OH)zad, x 3 mol of Co(OH)ys =3.00 mol of Co(OH)ys)
3 mol of Fe(OH)z(ag)
4) m=Mn =(92.95 g/mol)(3.00 mol) = 278.85 = 279 g of Co(OH),
7. In a neutralization reaction, 4:56"mol of soditm hydroxide neutralizes the sulphuric acid. What mass of
water is produced? R
1) NaOH(aq) + H2804(aq) > 2H20(g) + Nast4(aq)
?

UNIT ANALYSIS OR LINEAR METHOD:
4:56'mol of NaOH ., x 2 mol of H,0; x 18.02 g of H,0= 8.22x10" g of water

2molofNaOHg; 1 mol of H0g)

STEP BY STEP METHOD:
2) no conversion

3) ng=ne x RIG =456/Mol6f NaOH x 2 mol of H,O _ =4.56 mol of H,O
2 mol of NaOH

4) m=Mn =(18.02 g/mol)(4.56 mol) = 8.22x10" g of water
8. Hydrogen and 2.5 mol of nitrogen react to form ammonia. How many moles of ammonia will be produced
at STP? SATP? R
1) 3Hyy +ﬂ“z(g) > 2 NHg
UNIT ANALYSIS OR LINEAR METHOD STP SATP
2.5 Mol of Nog) x 2 mol of NHs x 22.4L (24.81) of NHyy = (112)1.1E2 L of Ny (124)1.2E2 L 0f Nag
LmolofNzg 1 mol of NHsy
STEP BY STEP METHOD:
2) no conversion
3) nr=ne x RIG =2.5:MoI6fN; x 2 mol of H,0  =5.00 mol of N,

4) v=nV =(5.00mol)(22.4L/mol)=1.1E2 L of N, STP; v=nV=(5.00mol)(24.8L/mol) = 1.2E2L of N, SATP
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Worksheet 2.3: Quantity to Mole Stoichiometry
Directions: Solve the following hypothetical stoichiometry problems. Assume water is available.
1. How many moles of iron (I11) oxide is produced when Bi6'g6fifon burns with oxygen gas?
R

1) 2 FE(S) + 3/2 Oz(g) > 1F6203(3)
569 ?
UNIT ANALYSIS OR LINEAR METHOD
516 g of Fes X I'molof Fe_ x 1 mol of Fe,0s .= 0.050 mol of Fe,0s
55.85gof Fesy 2 mol of Feg
STEP BY STEP METHOD:
2) n=m/M = 5:6¢/55.85 g/mol =0.10'mol
3) ng=ng x RIG = 0:10mol""6f Fe x 1 mol of Fe;035 N=0.050 mol of Fe,0x
2 mol of Feg
2. When 4/00X'10% particles of methanol is burned, how many moles of water vapour are produced?

R
1) CH30H(|) + 3/2 Oz(g) 2>1 COz(g) +2 HZO(g)
UNIT ANALYSIS OR LINEAR METHOD
4.00x10% part of CHsOHy X T mol'of CHOHy _ x 2 mol of H,0) =1.3289...mol = 1.33 mol of H,0
6.02E23 part of CH;OH,, 1 mol of CH;OH;
STEP BY STEP:

2) n=p/P = 4.00x10* part of CH;OH/6.02E23 part of CH;OH) per mol = 0.66445...mol of CH;OH;
3) n, = nyx R/IG E10166445... mol'of CH:0H; x _2 mol of H,0, =1.3289...mol = 1.33 mol of H,0
1 mol of CH;0H,,
3. If 122,69 of solid potassium chiorate is heated, the crystals melt and decompose into solid potassium

chloride and oxygen gas. How many moles of potassium chloride are formed?

R K =39.10 x1 = 39.10

1) B KCIOgs 2 2 KClig) + 3 Oy Cl = 35.45x1 = 35.45

122.6 g ? O = 16.00x3 = 48.00
UNIT ANALYSIS OR LINEAR METHOD TOTAL 125.55g/mol

122.6'G 6F KCIOse X 1Mol 6 KCIOs x_ 2 mol of KCls_= 1.000 mol of KCl
122.55g of KClOs) 2 mol of KClOx

STEP BY STEP METHOD

2) n=m/M =122.6 g / 122.55 g/mol =1.000 mol of KClOx)

3) nr = ng x R/G =110000mMol6f KCIO3 ) x 2 mol of KCly  =1.000 mol of KCl

4, Black iron (lll) oxide solid can be converted into water and iron metal when the iron (lll) oxide is
reacted with hydrogen gas. If 125'g'ofiron (Ill) oxide is reacted, how many moles of water are formed?
R

1). Fezog(s) +3 Hz(g) >2 FE(S) +3 Hzo(g) Fe =55.85x2 =111.70
1259 ? 0 =16.00 X3 = 48.00
UNIT ANALYSIS OR LINEAR METHOD TOTAL 159.70g/mol

125 of Fe;03ex 1 mol 0f Fe;055 x 3 mol of H,0 = 2.34815... mol = 2.35 mol of H,O,
159.70 g of Fe;0g;) 1 mol of Fe;Ogs
STEP BY STEP METHOD:
2) n=m/M = 125g / 159.70 g/mol = 0.7827175... mol of Fe,Ox)
3) ng=ne x RIG=0.7827175..::mol 0fFe303x 1 mole of H,O = 2.34815... mol = 2.35 mol of H;O
2 moles of Fe,Ox)
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5. How many moles of zinc can react with hydrochloric acid to form 44:8 IL6f hydrogen gas at STP?

R
1) 1 Zn(s) +2 HCl(aq) >1 Hz(g) +ZnClyyg)
2
UNIT ANALYSIS OR LINEAR METHOD:
448 of Hj x TmolofH] x 1 mol of Zn =2.00 mol of Zn

STEP BY STEP METHOD:

2)n=v/V = 44.8 L/ 22.4 L/mol =2.00 mol of H2

3) nr=n¢ x R/G = 2:000mol6f H; x 1 mol of Zn = 2.00 mol of Zn
1 mol of H,
6. Solutions of copper (ll) sulphate and potassium phosphate are mixed. If
form, how many moles of copper (Il) sulphate react? Cu =63.55x3=190.65
R €] P =30.97x2=61.94
1) 3 CUSO4(aq) + 2 K3PO4(aq) > 3 KzSO4(aq) + 1 CU3(PO4)2(S) O =16.00x8=128.00
? mol 85¢ TOTAL = 380.59g/mol
2) n=m/M = 8.5 g of Cu3(POs)zs) / 380.59g/mol of Cus(POu)zs) = 0.02233...mol of Cus(POy)zs)
3) nr=ng x R/G = 0:500'moI6f FesNze x 1 mol of SnsNys = 0.250 mol of tin (IV) phosphate
2 mol of FesNzs)
LINEAR: 8.5 0f Cus(PO.)2e X 2molof Cus(POMss) x 1 mol of SnsNys =0.250 mol of tin (IV) phosphate
380.59g/mol of Cu3(POs)zs) 2 mol of FesNas)
7. In the manufacturing of nitric acid, nitrogen dioxide gas reacts with water to from nitric acid and

nitrogen monoxide gas. How many moles of nitrogen dioxide gas reacts if 1
is formed at SATP?

R
1) 3 NOz(g) + H20(|) >2 HNOg(aq) +1 NO(g)

?

UNIT ANALYSIS OR LINEAR METHOD:

1206 L0fNO; o, x TMOIGFNOZG x 3 mol of NOg =14.59 moles of NO
STEP BY STEP METHOD:

2) n=vlV = 1206 L / 248 mollL = 4.863 mol of NOz

3) Nk=ngXRIG= x 3 mol of NO, =14.59 moles of NO,

8. The thermite reaction is used in welding iron and steel. Aluminium and iron (lll) oxide are ignited at
high temperatures to produce aluminium oxide and iron. If is used in this reaction,
how many moles of aluminium oxide will be produced?

R

Step 1) I Al + Fezog(s) >1 AI203(S) +2 Fe(s)

? mol
Step 2) n=m/M =

Step 3) N =ngx R/G = x 1 mol of Al,Og =0.27798...
= 0.278mol of Al,O4
LINEAR: x 1 mol of Al,Og¢) =0.27798... mol = 0.278mol of Al,Ogs)
)
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Worksheet 2.4: Quantity to Quantity Stoichiometry
Directions: Solve the following hypothetical stoichiometry problems. Assume water is available.

1. How many particles of aluminium oxide must be decomposed to produce 80:0'g 6f 6Xygen gas at STP?
R

1) 2 Al,O3 ) > 4 Al F18 Oy

UNIT ANALYSIS OR LINEAR METHOD:

80.09'0f O7gxI Moot 05, x 2 mol of Al,O3x6.02E23 particles of Al,035=1.00E24 part of Al,Oxs
82.001G0f Oz "8 MOI6f 05 1 mol of AlOg)

STEP BY STEP:
2) n=m/M = 80.09/32.00 g/mol = 2.5 mol of O;
3) ng=n¢ x R/G = 2.5imol'6f 03 x 2 mol of Al,O; = 1.66666... mol of Al,Os

4)p =n P =1.6666...mol x 6.02 E 23 particles/mol = 1.00 E 24 or 1.00 x 10** particles of Al,Os«
2. Natural gas is mainly made up of methane. What mass of methane must be burned to produce 56.0'LL'6f
?

R G
1) 1 CHq(g) +2 Oo(g) > 1 CO, (9) + 2 HO ()
LINEAR: 56.0L0f CO;x' T mol6f €03 x 1 mol of CH,  x 16.059 of CH, =40.1 g of CHyq

2241L6fCO; "TmolofCO; 1 mol of CH,
STEP BY STEP:

2)n=v/V =56.0 L of CO/ 22.4 L of CO, =2.5mol of CO;
3) ng=n¢ x R/G = 255imel'6f €035 x 1 mol of CH,/AMeIefCO; = 2.5 mol of CO2
4) m =nM = 2.5 mol of CO; x 16.05g/mol of CO, =40.1 g of CHy,
3. Aluminium metal is refined from bauxite ore. In the refining process, aluminium oxide decomposes to

aluminium and oxygen gas. What mass of aluminium can be produced from 2:04'kg of aluminiuim oxide?
(€ R

1) 2 AlLO; (s) 2 4 Al (s) + 3 0,(9)
LINEAR: 20409 0f Al;0s X 1 molof Al;03  x 4 mol of Al x 26.98 g of Al =1079.6 g = 1.08 kg of Al
101:96'g'0f Al;05"2'mol0f Alz20; 1 mol of Al
STEP BY STEP:

2) n =m/M = 2040 g of Al,0/ 101.96g/mol of Al,0; =20.0078... mol of Al,O;
3) nr= g X R/G = 20:0078:-:mol 6f Al203 x 4 mol of Al/2mol'of'AlZ0; = 40.0156... mol of Al(s)

4) m =nM = 40.0156... mol of Al(s) x 26.98 g/mol of Al =1079.6 g = 1.08 kg of Al

4. Sodium hydrogen carbonate can be used to neutralize acids. If sodium hydrogen carbonate reacts with
hydrochloric acid, what volume of carbon dioxide gas at STP can be produced by
? NOTE: Sodium chloride and water vapour is also produced.
R

1)  NaHCO; (ag) + 1 HCI(ag) & 1 CO;(g) + 1 NaCl (aqg) + 1 H,O(l)
LINEAR:16:8'9'0f NaHCOzx'T mol of NaHCO3 x 1 molof CO,  x22.41 of CO, =4.48 L of COyy
84.01°6f NaHCO: ""T'molof NaHCO: 1 mol of CO,
STEP BY STEP:

2) n=m/M = 16.8 g of NaHCOy/ 84.01 g/mol of NaHCO; = 0.19997...mol of NaHCO;
3) nr= ng x R/G =0:19997:2imol of NaHCO .x 1mol of CO./Imol'6f NaHCO; = 0.19997...mol of NaHCO,

4) v =nV =0.19997...mol of NaHCO; x 22.4 L of CO, =4.48 L of COy,
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5. Photography film is coated with silver chloride, which is produced when silver nitrate reacts with sodium

chloride. What mass of silver chloride can be made from 117 g 6f Sodium chioride ?
G R
1) @ NaCl (aq) + 1 AgNOs (agq) > 1 AgCl (aq) + 1 NaNOs(aq)
LINEAR: T1:7'g'0f NaCl x T'molofNaCl x 1 mol of AgCl  x 143.32 g of AgCl = 28.7 g of AgCl
58.44g of NaCl 1 mol of NaCl 1 mol of AgCl
STEP BY STEP:

2)n=m/M = 11.7 g/58.44g/mol = 0.200205...mol of NaCl
3) ng= Nn¢ X R/G = 0:200205:=:mol'of NaCl x 1 mol of AqCl = 0.200205...mol of AgClI
1 mol of NaCl

4) m = nM = 0.200205...mol of AgCl x 143.32g/mol = 28.693...g = 28.7g of AgCl

6. Ammonia reacts with hydrochloric acid to produce ammonium chloride. What volume of ammonia at

SATP is needed to produce —?
R

1) 1 NH; (g) + 1 HCI(aq) = I NH,Cl(aq)
LINEAR: 86:190f NH,CIX' T molof NHiCl x 1 molof NH;  x24.81 of NH; =16.7 L of NH,
53:50/9'0f NH.CIT T Mol ofNHaCl 1 mol of NH,
STEP BY STEP:

2)n'=m/M = 36.1g / 53.50g/mol = 0.674766...mol of NH4CI
3) ng= Nn¢ X R/G = 0:674766..:mol 6f NH4CI x 1 mol of NH3 = 0.674766... mol of NH3
1 mol of NH4CI

4)v=nV =0.674766... mol of NH3 x 24.8L/mol = 16.734... L = 16.7 L of NH3

7. If sulphuric acid reac.ts with 294 g of potassium hydroxide, what mass of potassium sulphate is produced?
R

1) 2 H,S0, (aq) + 2 KOH(aq) = 1 K,S04(aq) + 2 HOH(l)
LINEARI29:4 0 0f KOHX 1T molofKOH x 1 mol of K,SO,  x 174.27 g of K,SO,_= 45.7 g of K,SO,

561G I6fKOHT2molofKOH 1 mol of K;SO,
STEP BY STEP:
2) n = m/M = 2949 /56.11g/mol =

) Nr=ngXRIG=
AHm=nM

8. If sodium iodide reacts with lead (ll) nitrate, what mass of lead (Il) nitrate will be required to produce 150 g
of precipitate?

R G
1) 2 Nal (aq) + 1 Pb(NO3),(aq) = [ Pbl; (s) + 2 NaNOs(aq)
LINEAR: 150 90f PhzX T'molofPbl;  x 1 mol of Pb(NOs), x 331.22 g of Pb(NOs),= 108 g of Pb(NO3),
4619 of Pbl; 1 mol of Pbl; 1 mol of Pb(NOs),

STEP BY STEP:
2)n=m/M=
3)Ng=ng X RIG =
4)m=nM
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Worksheet 2.5: Limiting & Excess Reagents

Directions: For each of the following, write a balanced equation and determine the limiting
reagent & the excess reagent (if they are present).

1. BETefgasoline (CsHizp) burns [NIINNNENEESEE. How many ntoles of carbo
dioxide are present at STP? B) How many moles of excess remains?
=E B-L R

(25) (16) (18)
Step 1) + IOl > 8 CO. () + 9H:0()

Step 3) BIOIMBIGHCEME x 8 mol of CO, =40 mol of COy (CgHis is EXCESS)
B < 8 mol of COziiiz 30.08 mol of COy) (LIMITING)=30.1 mol of COyq)

b) E=R L=G

1 CgHigpy + ->8 COz(g) + 9H20(g)
x 1 mol of CgH15 = 3.76 mol of CgH5 used
Remains EIIIEIEIEEE (Step 2) — Used Excess (Step 3)

= — 3.76 mol = 1.24 mol = 1.2 mol left over (2 sig digs)
2. is added to 6:0'g 6f oxygen. How many grams of water are formed?

How much excess reagent is left over in grams?

Step 1)
Step 2)

Step 3) 2mol of water = 8.9... mol of water (H, is EXCESS)
- of H>
OMB7BMEIENe? x 2mol of water = 0.375 mol of water (O, is LIMITING)

mol of O,
Step 4) 0.375 mol x 18.02g/mol = 6.8 g of water is produced

b)

Step 2)

Step 3) x 2mol of H, = 0.375 mol of H,used
Remaining — Used moles of Excess

—0.375... mol = 8.545...mol remaining

Step 4) m=nM = 8.545...mol x 2.02g/mol =17.2... =17 g

3. reacts at SATP. How many moles of water
are made? R
Step 1) + COqz) + 2 H20(g)
Step 2)
x 2mol H,O)_ x 2mol H,O

= 1.806..E-3 mol (EXCESS) = 9.03E-4 mol of water (O, is LIMITING)
B) E=R

1 CHyg + 'Oz(g) > COy) + 2 H0(q
_ x 1 mol of CH, = 4.516..E-4 mol of CH, used
2 mol of O,

EXCESS LEFT OVER = ORIGINAL(STEP 2) — USED (STEP 3 the 3" time)
EXCESS LEFT OVER = [9103:E-4mol - 4.516..E-4 mol of CH, = 4.52 E-4 mol are left over
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4. react with [ SEICHOHRESERGHEEEE
a) What volume of Hydrogen gas is made at STP?
R

Step2) n=m/M

Step 3) x1 mol H,
=1.0695...mol (EXCESS) = 0.500 mol (HCl is LIMITing)
Step 4) v=nV 0.500 mol of Hyg) x 22.4L/mol = 11.2 L of Hyg
b) How much excess reagent is left over?
G E=R used
Step 1) 1 Mg(s) + HClaqy 2 1 Hz(g) +MgC|2(aq)
Step 2)

Step 3) _% 0.500 mol of Mg is used

— used moles of Excess
—0.500mol = 0.570 mol of Mg left
m=n M = 0.5695... mol of Mg x 24.31g/mol = 13.8 g of Mg, left over

Step 4) Excess =

5. 810210 formula Uinits of Sodium react with I2INGHCHIGHNEIGASIANSIE. How much

excess reagent is left over if the limiting is all used up?

R
Step 1) = 2 NaClaq)

Step2) n=p/P

Step 3) X 2 mol NaCl
.0714... mol of NaCl (CI2 Exce)
G,R
Step 1) 1 Clz(g) > 2 NaCI(aq)
Step 2)
Step 3) X 1 mol Clyq = 0.2508.. mol of Cly, used

— used mole's‘éc Excess
0.2508.. mol = 0.28 mol of Cly left

Step 4) Excess =

6. Describe a limiting reagent and an excess reagent.
e A limiting reagent is a reactant that controls how much product you have (it is the
first reagent to be used up.
e An excess reagent is areactant that is left over (it is not all used up)
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Worksheet 2.6: Percent yield and Percent error
Directions: For each of the following write a balanced equation and determine the theoretical
yield, actual yield, percent yield & the percent error.
decomposes and actually produces 7.0 mol of oxygen gas.
R=TY
+ 8 Oy
7.0mol = AY; TY="7?
X 8 mol of Oy = 8.0 mol of Oy is the TY

)
Step 5) % yield = AY/TY x100 7.0 mol/ 8.0 mol x 100 = 88 %
% error =\ (TY-AY)\ =125=13% (100 -87.5=13%)

TY
2. reacts with a solution of calcium nitrate and produces 3.00 moles of
calcium. R=TY=?
Step 1) Al + 3 Ca (NOg)z(aq) > 3 Ca )t 2 AI(NOS)S(aq)
Step 2) 3.00 mol = AY
Step 3) x 3 mol of Caiy =1.44... mol of Cai =TY

Step 5) % yield = AY/TY x 100 3.00 mol / 1.44... mol x 100 = 208% because of of the
solution (not evaporated)
% error = (TY - AY)/TY x 100 = +108%
1. 650 molof potassium chiorate solid is heated and breaks down into potassium chloride
solid and 223 L of oxygen gas at SATP.
I R(TY)=?
Step 1) KC|03 s) > 2KC|(S) + 3 Oz(g)
Step 2) 223L = AY
(n=v/V=223L/24.8L/mol =8.99... mol)

Step 3) BIS0IMBIKEIOY x 3 mol of O, =9.75... mol of 0, = TY
2mol of KCIOs

Step 4)v =nV =9.75 x 24.8 =241.8 L = TY (Not necessary if you changed AY to moles)
Step 5) % yield AY/TY x 100 = 223L/241.8 L x 100% = 92.2% (%yield =8.99.../9.75 x 100%)
% error = (TY-AY)/TY x 100% = (241.8L — 223L)/241.8L = 7.78%

4, burns and produces 2.00 mol of carbon dioxide gas at STP.

R
Step 1) balance + 2 Oz(g) > 1 COz(g) + 2 HQO(g)
Step 2) 2.00 mol = AY

Step 3) mole ratio x 1 mol of COyq =1.5 mol of CO, =TY

Step 5) % yield = AY/TY x 100 = 2.00 mol/1.5 mol x 100 = 133 %
% error = 33.3% (answer becomes positive)

5. Sulphuric acid reacts with and produces 40.5 g of
potassium sulphate R

Step 1) H,SO, (ag) t 2 KOHpg) = 2 HOH O 1 K,SO, (aq)

Step 2) n =m/M 40.59/174.27= AY

= 0.23239... mol = AY
Step 3) x1mol of KsSOy (ay=0.26195... mol TY
Step 4) Both AY and TY are in moles. (m=0.26195x174.27= 45.65...9)
Step 5) %yield = AY/TY = 0.23239...m0l/0.26195...mol x 100 = 88.7 %
(40.59g / 45.65...g = 88.7%)
% error = (AY=-TY)/TYx100 =(0.26195-0.23239)/ 0.26195x100= 11.3%
6. Describe percent yield and percent error.
Percent yield: a ratio between AY and TY as a percent; how much you produce
compared to what you should produce.
Percent error: an indication of error (human, instrumental & experimental).
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Worksheet 2.7: Limiting Reagents and Percent Yield

1. Methane gas burns at STP.
a. is burned in
reagent?

, What is the limiting
R
> COz(g) + 2 HZO(Q)

Step 2)
Step 3) x 2mol of Hzoig)
=1.00 mol of water € TY 2.50 mol of water
CH, is limiting O is excess
b. What is the theoretical yield, in moles, of water?

1.00 mol of water is the theoretical yield (use the limiting side

2. Sodium and chlorine are mixed together.
a. What is the limiting reagent if there is 10.0 g of sodium and 20.0 g of chlorine?
R
1) Nas + 2 NaCI(aq)
2) n

Bl x 2 mol of NaCl g x 2 mol of NaCl qq)
= 0.4349...mol of NaCl,q (smaller) = 0.56417...mol of NaCl g

UNIT ANALYSIS OR LINEAR METHOD:
x 2 mol of NaClq) X 58.44 g of NaClq)= 25.419... g of NaCl LIMIT

1 mol of NaCl,g)
a X 58.44 g of NaCl g = 32.970... g of NaCl EXCESS

1 mol of NaCl,g)

x 2 mol of NaCl

b. How many grams of the product are produced?
4) M = NMnaci = 0.4349717...mol of NaClq) x 58.44g/mol = 25.4 g of NaCl g

3. In the synthesis of sulphuric acid, one step involves the mixing of sulphur dioxide with

oxygen to produce sulphur trioxide. was mixed with EEIECHSEER
at SATP, how many litres of sulphur trioxide is produced?
R

SOz + I O2() > ?) SOs)

175 L

85L
STEP 3) x 2 mol SO3Iii =7.0564... mol X 2 mol SOgii) =6.8548...mol of SO;) (LIMITING)

STEP 4) v=nV = 6.8548...mol of SOg(g)X 24.8 =170 L of SOg(g)

UNIT ANALYSIS OR LINEAR METHOD:

For SOZ(Q): X 2 mol of SOz, X 24.8 L of SOg3) =174.99 ... L of SOg(g)
1 mol of SOg(g)

For Oy): X 2 Mol of SOz X 24.8 L of SOz = 170 L of SO,
1 mol of SO3(g)

STEP 1)
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4. Adipic acid (CsH1004s)), @ raw material for nylon, is made by the oxidation (reacting with
oxygen) of cyclohexane (C¢Hi2)). Water is a by-product.
a. How many moles of oxygen gas would be needed to make

STEP 1) C5H12(S) + 25 Oz(g) >
STEP 2) Already in moles

STEP 3) 40.0'mol CeH100%e of x 2.5 mol ozii) =100 mol of Oy

STEP 4) Not needed
UNIT ANALYSIS OR LINEAR METHOD:

For SO,(): 40:00mol6f CsHi004 <) x 2.5 mol of o2|iii =100 mol of Oy

(s)

+ H,0(l)

b. [f2:00'mol'6f oxygen is reacted with
yeild of adipic acid in grams?
STEP 1)
STEP 2)

, what is the theoretical
R
> 1 CeH1004¢) + H20(1)
?

STEP 3) X 1 mol C6H1004(s) _ x 1 mol of C6ﬂ10g4_(§)
1 mol CeHuzs) 2.5mo of Oy
= 1.9482... mol of CsH1004(s) = 0.8 mol of CgH19O04s) (O is LIMITING)
STEP 4) 0.8 mol of C6H1004(5) x 146.16 g/mol =116.928 g =117 g of C6H1004(5)=TY(3 sig dig)
UNIT ANALYSIS OR LINEAR METHQOD:

For Oy 22molef 03 ,x1 mol x146.160 of CeH100us) = 117 g of CsH1004 (3 sig dig)
2BmOINOM 1 mol of CotacOus

For CeHize): 164gxImol x 1 mol  x146.169 of CeH1004) = 285 g of CeH1004) (3 sig dig)
84.18g 1 mol 1 mol of CgH10O04s)
C. If 85 g of acid was produced in b) what is the percent yield?
(Use rounded answer from b)
%yield = AY/TY x 100% =85 g/ 117 g of CgH1904i) x 100% = 72.6% vyield

5. A chemist, new to the behaviour of chlorine toward hydrocarbon compounds, tried to
make dichloromethane (CH.Cl,g), by mixing 5500 mL of chloromethane (CH5Clg) and 5500 mL
of chlorine at STP. Hydrogen chloride gas was a by product. After the reaction was complete,
some chloromethane remained unchanged and 12.8 g of dichloromethane was obtained.

a. Which reactant is excess?

R (TY)
> 1 CH2C|2(g) + HCI(g)
12.8g = AY

STEP 1)

STEP 2) n=v/V

STEP 3) =0.2455...mol x 1 mol =0.1636...mol (CI2 is limiting)
b. How much dichlormethane can theoretically be produced?

STEP 4) m =nM = 0.1636...mol x 84.93 g/mol =13.89...g=139g =TY
C. What is the percent yield?

%yield = AY/TY x 100% = 12.8 g/ 13.9 g x 100% = 92.086...% = 92.1%

d. What is the percent error?
%error = (TY-AY)/TY x 100% = (13.9 — 12.8)/13.9 x 100% = 7.91 %
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Worksheet 2.8: Stoichiometry Review

1. A B4.5'g sample of sodium hydroxide solution is reacted with excess phosphoric acid. What is the

mass of sodium phosphate that will form?

G R
1) 3 NaOH(S) + H3PO4(aq) > 3HOH(|) + 1 N8.3PO4(aq)
UNIT ANALYSIS OR LINEAR METHOD:
) 3) (4)
34.5g x 1 mol of NaOH x 1mol of NasPO, x 163.94 g of Na;PO, =47.1 g of sodium phosphate
40.00g 3 mol of NaOH 1 mol of NazPO,

2. A [/507g'sample of lithium carbonate reacts with [IEEINOISINMNNMEMISIE. \\/hat mass of

precipitate will form?

=LR R
6 LiNOs(aq) + 1 AIZ(COB)B (s)
?9

1) 8 Li,COx

x 1 mol =0.33... mol x 1 mol of =0.28...mol (LIMITING)

4) 0.28...mol of Al;(CO3)3s) x 233.99g/mol=65.9 g of Al(COs)ss)

UNIT ANALYSIS or LINE METHOD
X_1 mol of Al,(COgz)s _ x 233.99 g of Alx(CO3)ss) =79.2 9
) 1 mol of A|2(CO3)3(5)

B8 x 1mol Al(NO3)s@agx Lmol of Al,(CO3z); _ x  233.99 g of Al,(CO3)ss = 65.9 g (LIMITED)

213.01¢g 2 mol of AI(NO3)s(aq) 1 mol of Al(COg)ss)
b) HOW MUCH EXCESS LEFT OVER
G R EXCESS
I L|2C03(aq) + Al(NOg)g (aq) > 6 L|N03 (aq) + 1 AIz(COg)g (S)
0.563333...mol

=IBEEEEEI x 3 Mol of Li,CO; x 73.89 g/mol of Li,CO;-62.4... g of Li,COzused
2 mol of Al(NO3)s

ORIGINAL - USED

-62.4...g = 12.6 g of EXCESS LEFT OVER
3. A burns in the presence of [IEINOHOUUEIIEEE. (2ssume STP). What is

the percent yield if 50.0 g of carbon dioxide is formed?

Gl=L G2=E R
1) C;HsOHy + B0 > B COyy + 3 H0(g)
45.0g 105 L 50.09/44.01g = 1.13...mol
(2) (3) (4)

X 2 mol of CO,;=1.953...mol x 44.01 g of CO, =85.97..g of CO2
ﬂ 1 mol of CO,q ethanol limiting
X 2 mol of COyp =4.6...mol_44.01 g of CO,, = 137.5 of CO2
3 mol of 02 1mol of COyg oxygen excess

%yield = AY/TY x 100% = 50.09/85.97.. x 100% = 58.16...% = 58.2 %
%yield = AY/TY x 100% = 1.136mol/1.958.. x 100% = 58.16...% = 58.2 %

EXCESS LEFT OVER:
1) CoHsOHy +

Oz) 2> 2 COgyq) + 3 H:0()

x 3 mol of O, =2.929...mol x 22.4 L of O, =65.625L of O2
1 mol of Oy, used
Excess of O2 = Original O2 — Used O2 = 105L — 65.625L = 39.4L of O2 left over
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2. When 5.6 x 10* particles of magnesium sulfide reacts with potassium hydroxide, then 500 g of

precipitate forms. What is the percent error? Mg =24.31
Gl R 0x2=32.00
1). MgS(S) + 2 KOH(aq) > 1 KzS(aq) + 1 Mg (OH)z(s) Hx2= 2.02
5.6 E 24 particles 5009 = AY 58.33

(2) 3 4)

x1mol of Mg(OH)»;,x58.33 g Mg(OH),s = .. of MG(OH)(AY)
LMOIORCHRON L mol of Mg(OH)zc,

%error = (TY-AY)/TY x 100% = 5009/85.97.. x 100 = 58.15...% = 58.2 %

5. When 36.9 L of chlorine gas (SATP) reacts with 36.8 g of magnesium oxide, 38.9 g of magnesium
chloride formed. What mass of magnesium chloride did you expect?(TY)
R

Gl G2

1) 2 Clyg + BMgOs > 10y + 2 MgClys,)

36.9L 36.8g 38.9g =AY
) ©) @)

x 2 mol of MgClys X 95.21 g of MgCly =70.831.. g of MgCl,
2 mol of Cl, 1 mol of MgClys Cl, is excess
x2mol of MgCl, X 95.21 g of MgCl,yq)= 86.919...g=86.9g of MgClI,(TY)
“EEEEEEN~ imol of MoClxg MgO excess

EXCESS LEFT OVER:
Gi=E=R G2=LR
1) Cl, + I MgO(S) > 1 Oz(g) + 1 MgClz(s)

x 2 mol of MgO x 24.8 L of Cl,=22.64...L of Cl; used

1mol of Clz(g)
Excess of CI2 = Original — Used = 36.9L — 22.64...L= 14.3 L of Cl, left over.

6. When reacts with [EEISIGHONENE. 28 of iron was formed. What is the
percent yield and percent error is this experiment?

G1=L G2=Ef} R
1 FeClaag +  WZng > BFey + ZnClaag)
7.29 =AY
(2) 3) 4)
X X X =10.79546... g of Fe (TY)

FeCl, is limiting

X X X =29.8..g of Fe
Zn is excess
%yield = AY/TY x 100% = 7.29/10.795...g x 100% = 66.7%
%error = (TY-AY)/TY x 100% = (10.7...9 - 7.29)10.7...g x100% = 33.3%
EXCESS LEFT OVER:

X X

X Zn =12.64... g of Zn used

Excess Zn = Original — Used
Excess Zn =35.0 g —12.64...g = 22.4 g left over
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