Chemistry 20 — Lesson 35
Limiting reactants — stoichiometry

/110
Practice problem
1. K. CrO;.y + Pb(NO,),., ——> 2KNO,,, + PbCr0O,
Mg = .75
Vi,cro, =0.0400L Vg, o, =0.0300L
Mepcr,0, =
Cy,cro, = 0-35 "A Cop(noy), = 0-50 "0 -
MPbCr207 = 423'19%0I
A. Find the limiting reactant.
I. calculate moles I1. mole ratios [1l. calculate mass
n n
Ny,cro, = 0.35m% x0.0400 L p?o? = Kfzc” Mpye,0, =0.14mMolx 423.19%,,
Nk,cr0, = 0.014mol Nppcro, = 0.14mol (LR)—— Mg, o =5.929

The limiting reactant is potassium dichromate.

Nenno,), = 0-50™Y x0.0300L n”’i’ﬂ? = n"*’(:"s)z
Neb(noy), = 0-015mol Nppcro, = 0X5AT0!
B. Calculate % error.
Yeerror = EXP- yield —theo. yield <100
theo. yield
%oerror = wxmo

|%error = —2.9%|

C. To determine the remaining ions in solution, begin with the total ionic equation and then
calculate the moles of each species that remains in solution.

2K + Cr207(2a’q) + PbZ + 2NO, ., —> 2K, + 2NO,,, + PbCr,0O,

(aq) (aq)

limiting reactant excess reactant n.=2x0014 n =2x0.015
n =0 n,. =0.015-0.014

Cr,0%
No = 0.001mol

n,. =0.028mol Ny, =0.030mol

D. Calculate the concentration of each ion. Since 40.0 mL was added to 30.0 mL, the final
volume is 70.0 mL.

. 0.028 mol o
K J="g070L 0407
_ 0.030 mol
[NO3(an ~0070L 043
0.001mol
Pb% |=———=0.0143m0
[ @] 0.070L "
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Assignment

1. 2H + 0,, — 2H,0,

I’nyield = 7309

2(9) 2(9)

m,, =9.09g
M, =2.02%

m,, =88.0g

m
M, =32.00%, "0
: M,,0 =18.02%

/10

A. Find the limiting reactant.

I. calculate moles I1. mole ratios
8809 nHZO no2
nO == = —=
2 32.00%, 2 1
n
Ny, =2.75mol o _ 2.75mol
2 2 1
_ 9.09¢9 nHZO _ nH2
HZ 202%o| 2 2
ny, =4.50mol N0 =4.50mol(LR) ——

The limiting reactant is the hydrogen gas.

B. Calculate % error.
exp. yield —theo. yield y

%error = - 100
theo. yield
%error = Mxmo
[%error = —10%)|
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I11. calculate mass

m,, o = 4.50molx18.02 %,

m, , =81.1g
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2. 2RbBry, + PB(NO,),,, —> 2RbNO,,, + PbBr

My,q = 6.839-1.21g =5.629

(aq) 3(aq)

VRbBr = 00300 L me(N03)2 = 800g

Conge =1.50m) M =331.22Y, Mener, =7
/10 TReEr TR AL TRe(NOY, IR Mopg, = 367.0%
A. Find the limiting reactant.
I. calculate moles I1. mole ratios I1I. calculate mass
n
Mg =1.50m) x0,0300L e :%
Npper,  0.0450 mol

Mg, = 0.0450 ol Meyg,, =0.0225molx367.0%

1 2
Nppgr, = 0.0225mol (LR) ——>|my,;, =8.269

The limiting reactant is rubidium bromide.

. _ 8009 Never, _ Meono,),
PONG22 331 229/ | 1 1
Neb(noy), = 0-02415mol Npyg,, = 0. ol
B. Calculate % error.
Yberror — exp. yield —theo. yield <100
theo. yield
%error = Mxmo

|%error = —32%)|
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3. 2H,, + 0,y — 2H0

(9)

I’nyield = 72059
m, =20.20g m, =150.59

m =7
M, =2.02%, M, =32.00%, "0
/10 M,,,0 =18.02%q
A. Find the limiting reactant.
I. calculate moles I1. mole ratios 1. calculate mass
~150.5¢ Nyo Mo,
% 32.00%, 2 1
n
N, =4.703mol - 4'7Ofm°' M,y = 9406 Mol x18.02%,,

N0 =9.406mol (LR)—— |m, , =169.5¢

The limiting reactant is oxygen.
~20.209 Nuo _ Mi,
" 2,029, 2 2

ny,, =10.00mol Nyyo = 10:064T0l

B. Calculate % error.
exp. yield —theo. yield y

%error = - 100
theo. yield
%error = %xmo

|%error = —57%)|
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4, Zn, + 2HCl,, ——> 2ZnCl,,., + H,,
myield :1849

m,, =100g Ve =0.750L I

M, =65.41% C,q =4.00mY et
/10 M e, =136.30 %
A. Find the limiting reactant.

I. calculate moles I1. mole ratios Il calculate mass

_100¢g Nzncl, _Ng
2 65.419/, 1 1
n,, =1.53mol Nz, = 1.53410!

n
Nyo =4.00m% x0.750 L Tzc, _ Nyt

1 2
n
Ny = 3.00mol z;uz _ 3.002 mol My, =1.50mMolx136.30%,,

Nzpe, =1.50MOI(LR)——  |m,, =2049

The limiting reactant is hydrochloric acid.
B. Calculate % error.
exp. yield —theo. yield y
theo. yield
184 -204 y

%error = 100

%error = 100

|%error = —9.8%|
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5.

/110

B.
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2Na,PO,,, + 3Ba(NO,),,, —> 6NaNO,,, + Ba,(PO,),

myield = 256 g

4 (aq)

Vyapo, =0200L Vg0, =0.400L

NagPO,

Crapo, =0:500™  Couino,, =0.500m%

=7
m Bag (PO,), !

Maa. oy, = 601.93%

Find the limiting reactant.
I. calculate moles I1. mole ratios I11. calculate mass

nBa3(PO4)2 nNa3PO4

Nya.po, = 0.500™) x 0.200L ~

1 2
n
Mo po, = 0.100mol R 0'102 mol Mg, oy, = 0.0500Mol x 601.93%,

Nga, po,), = 0-0500 mol (LR)—— Mg, oy, = 30-19

The limiting reactant is sodium phosphate.

_ 05000} x0.400 L —on. _ Neanoy),

nBa(NO3)2 . :
n 0.200 mol
nBa‘(NO Y, 0.200 mol Bag (PO,), _
3/2 1 3
Neay(po,), = O: ol

Calculate % error.

exp. yield —theo. yield y
theo. yield

25.6 —30.1><

100

%%error =

%error = 100

|%error = —15%)|
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6. 2C,H

6(9)

me,.,, =1.309

/110

+  70,, —> 6H,0

+ 4CO

=7
H,0 —

(C)]
m,, =2.3629 m

2(9)

Mcy, =30.08%0 Mg =32.00%, M, ,=18.02%,

A. Find the limiting reactant.

I. calculate moles

_2.362g
% 32.009,

ne, =0.07381mol

_ 1309

Il. mole ratios I11. calculate mass

nHZO — nOZ
6 7

n
o _ 0.07381mol m,, , = 0.06327 mol x18.02%,
6 7 2

Ny,0 = 0.06327 mol(LR) —> my, o =1.149

The limiting reactant is the oxygen gas.

n H,O r]CZHS

n =
<M 30.089/,

Ne,u, =0.0432mol
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6 2
Nyo  0.0432mol
6 2

Nyo :M
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2NaCl ,,, + Pb(NO,),.,, —— 2NaNO,,, + PbCl,,
Viaer = 0.250L Meynoy, = 509 My, = ?
Cract = 0-85™) Moo, =331.22%, Moper, = 278.1%
A. Find the limiting reactant.
I. calculate moles I1. mole ratios I. calculate mass
n
Nye =0.85™ x0.250 L —pocty _ Myacy
1 2
n
Ny, = 0.21mol cr, _ 0.21mol
1 2
Nppcr, = 0. ol
5.00g Neper, — Mpoeno,),
Ney(noy), = m T - 4 Meye, = 0.015molx 278.1%
Nebeno,), = 0-015mol Neper, = 0.015MOI(LR) ——>[m,,, =4.29

The limiting reactant is lead (lI) nitrate.

Since Pb(NOs); is the limiting reactant, all of it would have reacted with the NaCl.
Therefore, sodium chloride remains. To determine the amount of remaining NaCl we must
first calculate the amount of NaCl that reacted with the lead (I1) nitrate.

Nyt Meono,),

2 1
Ny _ 0.015mol
2 1

Nyac = 0.030mol

Subtracting the amount reacted from what was initially present we get the amount of NaCl
remaining.
nNaC| remaining = 0.21 m0| - 0.030 m0| = 0.18 m0|

Now calculate mass
m =0.018mol x58.44%,

=10.79

NaClremaining

m

NaClremaining
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8. BaCl + 2AgNO ——>  Ba(NG,), o

2 (aq) 3(aq)

Ve, =0.0500L v, =0.100L

110 Cescr, =0.001007)  Cpp, =0.000500"%

A. Find the limiting reactant.
I. calculate moles Il. mole ratios

n n
Ny, =0.001007 (0.0500L) " — Zex:
Nagar  5.00 x10°mol
2 1

Nager = 1.005=t6=mol

Ngoer, =5.00x107°mol

N N
N avo, = 00005007/ (0.100L) 2+ = =22

+ 2AgdCl
Myigq = 6.50Mg
Mager = ?

M pgor =143.32 Yo

I11. calculate mass

M pger =9.00 x10°molx143.32%,,

n =5.00x10"*mol Nager = 5.00x10°mol(LR) ——|m,,, = 7.17x10° gor7.17mg

AgNO;

The limiting reactant is silver nitrate.

B. Calculate % error.
exp. yield —theo. yield y
theo. yield
6.5-7.17
—X

%%error = 100

%error = 100

|%error = —9.3%|
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3+ 2—
9. 2SC,, t+ 35, —> SCS
v, =0100L v, =0.100L My =130
Claq) (aq)
m =7
C., =0.150m) ¢, =0.250mY Se2%
/10 S Stan) M5czs3 =186.13%,
A. Find the limiting reactant.
I. calculate moles I1. mole ratios I. calculate mass
n_. —0.150m (0.100L) —= _ Uscy
Sciag) - 1 2
n
N =0.0150mol 51233 = 0'01520 mol Ms,s, =0.0075mol x186.13%,
N s, = 0.0075mol(LR) ——|mg, o =1.409
The limiting reactant is the scandium ions.
n. =0250m (0100L) - Dy
St . LA 1 3
n
n,, =0.0250mol s, _ 0.0250mol
(aq) 1 3
Ng.,s, = 0.0083mol
B. Calculate % error.
Yharror — exp. yield —theo. yield <100
theo. yield
%error = Mxloo
|%error = —6.9%|
C. Since Sc* is the limiting reactant, all of it would have reacted with n n
the S%. Therefore, S>" remains. To determine the concentration of S _ _ S
the remaining S* we must first calculate the amount of S* that 3 2
: +
reacted with the Sc™". nsg;q) ~0.0075mol
Subtracting the amount reacted from what was initially present we 3 2
get: Ng = 0.01125mol
S remaining = 0.0250mol —0.01125mol = 0.01375mol
(aq)TemMainin
Now calculate concentration
[ »- 7 0.01375mol
@1 0.100L+0.100L
[ St | =0.0688my
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10. Ga,(SO,)swy + 3Ba(NO,),,, —>2Ga(NO,),,, + 3BasO,

Ve, s0,), = 0:0150L Vg, (o, =0.0250L Messo, =7
10 Coa,s0,), = 0-250™%  Cgyno,), = 0.140mY Mg.so, = 233.40 Y

A. Find the limiting reactant and the mass of the precipitate.

I. calculate moles [1. mole ratios I11. calculate mass
n n

Nea, 5oy, =0-250™Y (0.0150L) 32504 = f%
n

Moy o, = 0.00375mol ssso, _ 0.00375mol

2 473 3 1

Ngaso, = O- ol
n n

Nagoy, = 0-140mY (0.0250L) B;5°4 = Ba(g%)z Mgaso, = 0.00350mol x 233.40%,

Nga(no,), = 0-00350mol Ngaso, = 0.00350mol(LR) ——>|Mg,s, =0.8179

The limiting reactant is barium nitrate.

B. Since the gallium ions are spectator ions:
Ga,(S0,);0y — 2Ga* + 3S07%;

(aq) 4(aq)

Nosty _ Nosys00,
2 1

N =2x0.00375 mol
8(aq)

n =0.00750 mol

3+
Gaag)

5 7 Nea 0.00750 mol
[Ga gl R
(aa) v 0.0150L +0.0250L

| Gafy,, |=0.188m

C. Since all the barium ions reacted to form the precipitate, the remaining concentration of
barium ions in solution is zero.
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11. Cal,,, + Pb(CIO,),., —— Ca(ClO,), ., + Pbl,g

Vea, =0.0183L  Vpy e, =0.0241L My, =7
10 Cea, =0.250™%  Cpyici,, = 0.313mY Mgy, =461.0%,
A. Find the limiting reactant and the mass of the precipitate.
I. calculate moles I1. mole ratios I1. calculate mass
n n
Nes(cioy), = 0-313™% (0.0241L) .

Nep(cioy, =0-0075433mol Npy, = 0.0075433mM0l

_ nPbl2 _ nCaIZ _
Nea, =0.250m)( (0.0183L) - - My, = 0.004575mol x 461.0 %
Ney, =0.004575mol Npy, =0.004575mol(LR) ——>|m;, =2.119g

The limiting reactant is calcium iodide.

B. To determine the concentration of the remaining Pb®* we must first

_ n n

calculate the amount of Pb(ClO3); that reacted with the Cal,. ""(C'Oi)z reacted _ T'z
Subtracting the amount reacted from what was initially presentwe  Nep(cio, ), reacted = 0-004575mol
get:

Noy(cio,), remaining = 0-0075433mol —0.04575mol = 0.00297 mol

Now calculate concentration
[ - 0.00297 mol

@ 1~ 901831 +0.0241L

(aq)

[ Pb?;;, |=0.0700m

C. Since the calcium ions are spectator ions:

Cal — s Ca* + 21

2 (aq) (aq) (aq)

Neaty _ Nea,
1 1

n =0.004575mol

Caz)
1= e, 0.004575mol

v 0.0183L+0.0241L
]=0.108my

I:Ca2+

(aq)

[Ca2+

(aq)
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