Stoichiometry - Limiting Reactants

1.  Hydrogen gas can be produced in the laboratory by the reaction of magnesium metal with
hydrochloric acid.

a) How many grams of hydrogen can be produced when 4.00 g of hydrochloric acid are added to
3.00 g of magnesium?

4.00 q HC\ )( I ol H, (z 015889 > O. \\15
26.4bl g/m) [\ 2 mol HC

.00 5 Mg .
(i}ogos el ) i (22592 - 0249 s H
.ol 0. l“a\ Ha ond“adi]

b) What is the volume of this hydrogen at standard conditions?

(om )(2241, > /,.231__141

2 0l5a&ym

2. Potassium nitrate is widely used as a fertilizer because it provides two essential elements, potassium
and nitrogen. It is made by mixing potassium chloride and nitric acid in the presence of oxygen
according to the equation:

4KCl + 4HNOs + 02 2 4KNOs + 2Cl + 2H20

How many kilograms of potassium nitrate will be produced from 50.0 kg of potassium chloride and
50.0 kg of nitric acid? An important by-product is chlorine. How many kilograms of chlorine will be

produced? / 5w 6 KCI \/4mo!l KNOy\/ 10
- ™M 'y |.1082 MO‘ -
KCl ¢ (7“ 5613_g/me) At miol KC ) Sl - 678a,

S
g R 50 ocvg HNOs \ 4 mol KNO (. 103
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g ' [ 67.8 ks KNOs prodead]
5 s
50 200 g KC
(74 :{;ii' ) (%2 ) - pa " [288 1y Cl; prduad]
9/m mol KU ok 23.8004 - 2 ky 2 pridua

3. Phosphorus forms a compound S|mllar' to ammonia. The compound has the fdrmula PH3 and is called
phosphine. It can be prepared by the reaction:

Ps + 3NaOH + 3H20 2 PH3 + 3NaHzPO:2

If 20.0 g of phosphorus and 50.0 g of sodium hydroxide are reacted with excess water, how many
grams of phosphine will be obtained?

(Z2afe |)( foeilt)(P % %,)- 54

50.0 ¢ NaoH )( L mol PH (33.%7%): 1424

39.95 711 g/m) J\ 3 ol Naoll
j,'. 5494 Ms produced
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4. Bromine can be prepared by adding chlorine to an aqueous solution of sodium bromide. How many
grams of bromine are formed if 25.0 g of sodium bromide and 25.0 g of chlorine are reacted?

Clz + 2NalBr — Br, + 2Nall

25.0¢ Nobr I mol Br, 155. 808 9.4
( o2, @jlml ( 2 wol Nodgr)( 2 13 l .9
By
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5. Silver tarnishes in the presence of hydrogen sulfide, a gas that originate from the decay of food,
because of the reaction:
4Ag + 2H2S + 02 > 2AgeS + 2H20

The black product, silver sulfide, is the "tarnish". If 25.00 g of silver, 5.00 g of hydrogen sulfide,
and 4.00 g of oxygen are present in a reaction mixture, which one is the limiting reactant, and what
mass of silver sulfide is produced?

25.004 Aq 2 wol Ag,S 247. 80 - zS
<IO7‘8(,,8Zj/Mo) ( 4 vl Ab )( r—?sol 28'726 149

(SR N Emfed)(reen) - 3645 455

.00 ¢ O [ A, S Oq AgeS
B UL =y L PAG. Dl

. [,Kc) s Y ..Qn'wukrg reoctont and 2812 5 FB,,S produczzl?

6. Sulfur dioxide can be produced from the reaction of hydrogen sulfide and oxygen as shown by the
following reaction: 2H25 + 302 2 2502 + 2H20
a) How many grams of sulfur dioxide can be produced from 70.0 g of hydrogen sulfide and 125 g of

oxygen.
(70-05 HZS )(2 mol SO, 64 ObSi ) '323 SO,
34. 082 9/mo) Z msl Hp.S

2540 L \[ b4.06 l67 ¢ L
"37.'9'?55;/“.\ 2 mol SO >(4os’5, )- 1675 P2
l.'. 132 4 SO, produwdw

b) How many grams of excess reactant are left over after the reaction is complete?

(7D.Oﬁ H.S (3 mol O (54.9‘-}86; ) - ‘]'8&9 O, needle/
B34.082 g/me| /N2 mel HS mel

1259 - 7.6 =/263 0, left M’7
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7. What mass of carbon disulfide is produced when 17.5 g of carbon are reacted with 39.5 g of sulfur
dioxide according to the equation:

5C(s) + 2502(g) > CSa(s) + 4CO(g)

(r_)._s_j_c ( ‘ L‘_";'_C§z>(‘7e.n+39 ) = 2225 CS,
|2.Dnj/mo\ 8 mol c mo!

<3ﬁ_.§_5___592. )(\ mol €S2 3(7&.]43}_3 - 23,5j CS,
‘.:"&-Ob"*%j/ﬂl’l 2. mol g()z_ ol

L 22,2 ¢ CSs produced /

.

8. What mass of P4 is produced when 41.5 g of Ca3(POs)z, 26.5 g of SiOz and 7.80 g of C are reacted
according to the equation:

2Ca3(PO4)z + 6Si02 + 10C 2 P4 + 6CaSiOs + 10CO

2 - T 23.8495 04 -
( 310.17612 4/ml )( >3 M°‘Ca,(F04)D(I _'gh = 8.2‘13 Py

26.5 ;. S0, > | wo | Py 04
20 g D Aol MYy 123.855 043 1\ _ P
( bO.O%L\"Bj/M’ b me| S‘Oa,)< ) 9.u g

=
el

1804 C Lol Pr\[123.845 043 \ _ 2054 1y
( 12 o1l g/mel ( 10 mol C )( ml) 5

=

)'.. 8.05 g Py produceﬂ

9. What volume of carbon dioxide, measured at STP, can be produced when 15.65 g of pentane is
reacted with 40.0 L of oxygen, measured at STP, according to the equation:

CsHiz(l) + 802(g) > 5C02(g) + 6H20(l)

, H ol COs
(s 2, emvs)- e oo

(BT (G o7 ) = 250 0

) s 243 L CO, froa/uac/j
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10. What mass of hydrogen chloride gas is produced when 4.50 g of hydrogen and 140.0 g of chlorine are
reacted. Which reactant is in excess and how much remains unreacted?

H, + Ci, - =2 Hcl

4.505 H, )(z mol  BC [ z( 4,054 - Cl
(2.015861’“"' ol Ha X 2.) 7 k2 "

( “—}0 Ogq Cl, ) 2_ wmo | H (36,4(,0‘!4_%‘”, ): | 444, Oj f/C/
0 . ﬁObj/fW-l | wol Uz_

[./', [L[-Lf.()j HC/ proc/ua// Hy s :‘if)_([f{“_}

————
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(I‘H)_;Q_?_C/z_ )(l mol By >(z oIstEsY) - 3,920 H, neded

11, The roasting of siderite ore, FeCO3, produces ferric oxide:
4FeCOs(s) + Oz(g) > 2Fe203(s) + 4C02(g)

What mass of ferric oxide is produced when 55.0 g of siderite is reacted with 40.0 L of oxygen gas?
Which reactant is in excess and how much remains unreacted?

550 F(_C-05 ™ol F6103
159.6422 - O
( 115&662.5/«6 4MA|F¢ 3( L _’%l)- 37-‘if) Fe,.Cs

(49_-_0;_01 (2 ol Fe,,05> (léﬁ.bﬁll 2))= 5706 R, 05
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) S 319 5 F Ob PVOC(LLCM/ O, & LJ
(550 Fccoq(\ ol Oz (22,45 o ol L O waded
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12. A manufacturer of bicycles has 5050 wheels, 3013 frames, and 2455 handlebars.
a) How many bicycles can be manufactured using these parts?

2 whuls + chrMu.L + hwn;[leba/ =2 1 bl

5050 whuls ( | b let )__ 2525 bikes
2 whals

3013 ]Cmmué (l bilu ) 3013
l fvw
2488 humdlboars [ | bilee ): 2455 bilus
| hamd(s bur

[ 2455 blles can bt Ma/nm%cfwcﬁl ]

b) How many parts of each kind are left over?

2455 bilus (2—“#“'5) = 4410 whals nuded
\ ol

050 - 4510 = | 140 whatls Lef over |

2455 biles [/ &M) - 2495 frameo needed

| bl
2613 - 2455 = [552fm/mw .llﬂ'm/ea

c) Which part is like a limiting reactant in that it limits the production of bicycles?

|

O hwoﬁ&bouﬁ

Ieﬁ eV

T handlebars ran od 74‘/57‘/ %Lj ad

Hu \,@,‘mf’l’l‘\ﬂj ma(famj{
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13.

14,

The fizz produced when an Alka-Seltzer tablet is dissolved in water is due to the reaction between
sodium bicarbonate and citric acid:

3NaHCOs3(aq) + HsCsHs07(aq) ¥ 3C02(g) + 3H20(1) + NasCsHsO7(aq)
Ina certain experiment 1.00 g of sodium bicarbonate and 1.00 g of citric acid are allowed to react.
a) What volume of carbon dioxide is formed?

1.004 NaHCO < 3 mol Co, z2.tL-\ _p.267 L CO,
( 24, OOA | g/mo) 'S:\:TL)&HCsz( Mol B

/ 1:00g HyCHsOq (3 mol COp \(22.4_5 5: p350 L. CO,
192 . 125 32 g/me) / L] mul H¢ HsOT o

cmpmap———

[+ 0.267 L CO; is formed ]_

b) Which reactant is the limiting reactant?

NaH (03 is Fhu Himi 1‘1'»:7 veactont
c) How much of the excess reactant remains after the limiting reactant is completely consumed?

.00 § NaHCO3 )( | M4507>(132. 125 32 4 ):O.7é
E4.00641 o/msl 3 mol NaHO3 B ,m,—— ) needs

mol
l.cO 9 ~ 0—7625 - 024_5 HBCBHSO_l rémw'ﬂ
e lable needed

One of the steps in the commercial process for converting ammonia to nitric acid involves the
conversion of ammonia to nitrogen monoxide:

2NHs(g) + 502(g) 2 4NO(g) + 6Hz0(g)
Ina certain experiment 2.50 g of ammonia reacts with 2.85 g of oxygen.
a) What mass of nitrogen monoxide is formed?

(2‘5,93_"““3 )(#MO )(3@.00@%/) = 8.8l g NO

17.0%0 §2 g/me| )\ 2 mol MHy
0 o . —
(2.36 g Oa ) (Li_r_u_'_“ )(30 006ls 2.14 5 NO
31,49 gg g/m«! 5 mol O, '\
7 2.0 5 NO s formed |

b) Which reactant is the limiting reactant?
Oz s /vy \.ﬁ/t\mf'ﬁr‘@ (/LC‘ZMZM‘J/

¢) How much of the excess reactant remains after the limiting reactant is completely consumed?

(2.85 502 ><2 e n“3>(|7.050525 ) - D014 el
31.998% g/mel /\ 5 mel Do Tael
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