Polyatomic lons Contain Multiple Galenty Bonded




Announcements

-Exam |: Wednesday July 22

6PM - 7:30PM

CTC 301(Bio) and 302(LS)

40 multiple choice question @ 2 pts each
2 longer problems worth 10/15 each.

Coverage Chapter 1-3 (up to and including
chemical yield middle of p. 115.

-Bring a calculator and a writing instrument (no
blue book needed).

-If you can do the homework and the practice
quizzes in the OlinksO tab in the blog you will do
very well.




Transition-Metal Cations and their Names

T

lon Stock System Older Name
Fe®* iron(lll) ferric

Fe?" iron(ll) ferrous

) copper(ll) cupric

Cu”’ copper(l) cuprous
Cot cobalt(ll) cobaltic
Co>?* cobalt(ll) cobaltous
Sn** tin(IV) stannic
Sn®* tin(l1) stannous
Pb** lead(IV) plumbic
Pb?" lead(ll) plumbous
Hg?* mercury(ll) mercuric
Hg,2** mercury(l) Mercurous
*Mercury(l) ions always occur bound together in pairs to form Hg,?*.




lonic Compound Nomenclature Practice

KH2P Oy

Potassium kidrogen phosphate
HBr (9)

HBr (aq)

Lithium carbonate
K2oCro207

NH4NO

disulfur hexal3uoride
NElg!

P4+Os

Iron Il Sulfate
HCIO-

Potassium dijaddrogen phosphate
KoHP Oy

hydrogen Ruoride (gas)
hydrobromic acid (aqueous)
LbCO3

Potassium diclomate
ammonium nitrite

Shs

sodium lydride
tetraphosphobus hexaaide
Feo(SQu)3

Hypochlowous acid




Another stoichiometry example from Silberberg

] Copper metal is obtained from copper(l) sulfide
containing ores in multistep-extractive process. After

grinding the ore into fine rocks, the first step is to
heat it strongly with oxygen gas to form powdered
cuprous oxide and gaseous sulfur dioxide.

(0) Write a balanced chemical equation for this process

(a) How many moles of oxygen are required to fully roast
10.0 mol of copper(l) sulfide?

(b) How many grams of sulfur dioxide are formed when 10.0
mol of copper(l) sulfide is roasted?

(c) How many kilograms of oxygen are required to form 2.86
kg of copper(l) oxide?




(0) Write a balanced chemical equation for this process
Cu,S(s) + O,(g)
2Cu,S(s) + 30,(0) - 2Cu,0(s) + 2S0,(0)

Cu,0(9) + SO,(g)

(a) How many moles of oxygen are required to roast 10.0 mol of

copper(l) sulfide?

mol O, = 2 = 10.0 mol Cu,S x 3mol 9, - 150 mol O,

2 mol Cu,S

(b) How many grams of sulfur dioxide are formed when
of copper(l) sulfide is roasted?

2mol SO, ., 64.07g SO,

10.0 mol

641g SO,




2Cu,S(s) + 30,(g) —— 2Cu,0(s) + 2S0,(g)

(c) How many kilograms of oxygen are required to form 2.86 kg
of copper(l) oxide?

3
kg O2 = 2.86 kg Cu,O x 10°g Cu0 | 1 mol Cu,0  3mol O,
kg Cu,0 " 143.10g Cu,O 2mol Cu,0O

1 kg O, , 32.009 O, /

kg O, =0.959 =
1000 g O, 1 mol O,




/|
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Do You Understand Limiting Reagents?

124.0 g of solid Al metal is reacted with 601.0 g of
iron(ll1) oxide to produce iron metal and aluminum
oxide. Calculate the mass of aluminum oxide
formed.

1. Write a balanced equation for all problems

2. Two reactant masses and Ono excessO = limiting reagent.

3. Work in moles (grams => moles => equation stoichiometry)

4. Determine maximum theoretical amount of product for both
reactants. The limiting reagent is the one that produces the
least.




124 g of Al are reacted with 601 g of Fe,O,
2A| + F8203 - A|203 + 2Fe

gAl — mol Al — mol Al2SO3 produced

1 mol Al y 1 mol Al,O,4 y 101.96 g Al,O4
27.0 g Al 2 mol Al 1 mol Al, O,

124 g Al X = 234 g Al,.O,

g Fe,O; — mol Fe,0, — mol Al2SOs3 produced

1 mol Fe,O 1 mol Al,O, 101.96 g Al,O
23 X X 23
160. g Fe,0, 1 molFe,0; 1 molAl,O,

601 g Fe203 x = 383 g Al,O,

Al make the least and is the limiting reagent!
234 g Al,O3 can be produced




Do You Understand Limiting Reagents?

Phosphorus trichloride is a commercially important
compound used in the manufacture of pesticides. It
IS made by the direct combination of phosphorus P4
and gaseous chlorine. Suppose 323 g of chlorine is
combined with 125 g P4. Determine the amount of
phosphorous trichloride that can be produced when
these reactants are combined.




Step 1. Converts words to formulas
- I
Ps(s) +Cly(9) ! PCI 5 (1) by knowing the nomenclature

P,(s) +6Cl,(g) ! 4PCI , ()

Step 3. Determine the reactant
that produces the least product.

1 mol Cl, y 4 mol PCly
7091gCl, 6 molCl,

1molP, | 4molPCly
12388gP, 1molP,

mol PCl; = 3239 Cl, x = 3.04molPCl,

mol PCl; = 1259 P, !

= 4.04mol PCly

Step 4. Clz is the limiting

reagent and determines the
amount of PCls

4mol PCl; = 137.329 PCl; _

1molP,
12388gP, 6molCl, =~ 1molPCl,

gPCl, = 125gP, ! 4175 g PCl,




Try it At Home:Answer Is in your book!
Hydrazine(N,H,) and dinitrogen tetraoxide(N,O,), §
Ignite on contact to form nitrogen gas and water

vapor. How many grams of nitrogen gas form when
1.00 x 104%g of N,H, and 2.00 x 10%g of N,O, are

mixed?




Ignite on contact to form nitrogen gas and water vapor.
How many grams of nitrogen gas form when 1.00 x 102
g of N,H, and 2.00 x 102g of N,O, are mixed?

Try it At Home:
Hydrazine(N,H,) and dinitrogen tetraoxide(N,O,), §

BALANCE! 2 NpHy(l) + NoO4(I) — 3 Ny(g) + 4 H,0(])
mol N,H
1.00 x 10%2g N,H, 22 =3.12mol N,H,
32.05g N,H,
3 mol N
mol N, = 2 = 3.12 mol N,H, X 2 =4.68 mol N,
2 mol N,H,
N,H, is the limiting reactant
1 mol N,O because it produces less
2 oMY _
2.00x 1079 N,O, X 92.02 g N,O = 2.17:mol N0, product, N,, than does N,O,.
. 24
mol N, = 2.17 mol N,O, X S M N, =651 mol N,
28.02g N
1 mol N,O, 4.68mol N, 92 L1319 N,

mol N,




When we do chemical reactions in the classroom
they are Oideal and theoreticallyO. Real lab have
side-reactions and reduce the amount of actual
product obtained vs the Otheoretical amountO.

A+ B

(reactants) (main product)

D
(side products)

obtained laboratory data

_ Actual Amount
% Yield = : X 100
Theoretical Amount

Calculated from limiting reagent




The % Yield of a chemical reaction Is the ratio of
product mass obtained in the lab over the
theoretical (i.e. calculated) X 100.

. Actual Amount
% Yield = x 100

Theoretical Amount

Actual Amount iIs the amount of product obtained
from a reaction in the laboratory. It@G given in a word problem

Theoretical Amount Is the amount of product that would
result if all the limiting reagent reacted.




Learning Check: Calculating Percent  Yield

Silicon carbide (SIC) is made by allowing silicon
dioxide to react with powdered carbon (C) under high
temperatures. Carbon monoxide is formed as a by-
product. Suppose 100.0 kg of silicon is processed Iin
the lab and 51.4 kg of SIC is recovered What is the
percent yield of SiC from this process?

Notice how the word excess Iis missing
and the amount of the other reactant.

Must assume other reactant Is excess!




Learning Check: Calculating Percent  Yield

SiO,(s) + C(s)—— SIC(s) + CO(g) Rl ER Rl IES

SiO,(s) + 3C(s) —SIC(s) + 2CO(g)

3. We are given one reactant, we must assume excess of the other (C)

103 g SIO, 1 mol SIO, 1 mol SIC

_ _ ™ = 1664 mol SIC
kg SI0, . 60.09g SiO, . 1 mol SO, me

mol SiO, = 10° kg SiO, x

4010gSiIC,  1kg SiC

~ - B _
kg SIC = 1664mol SiCl ! 1molSiC ' 1000g SiC ~ 66.73 kg SiC

4. We get the actual from experiment and theoretical from calculation and

plug them into the yield equation (units of mass should be the same)

kg Actual

L 100 = 51.4 kg
kg Theoretical

% Yield = =
I 66.73 kg

x 100 = 77.0%




Putting it all together: Limiting/Percent Yield

A student reacts 30.0 g benzene, CsHg, with 65.0 g
bromine, Br,, to prepare bromobenzene, C5HsBr In §
the lab (MW Ce¢Hs = 78.102, C;H:Br 156.99, Br, =

159.808). After the reaction was complete, the
student recovered 56.7 g CzHsBr. Determine the

limiting reagent, the theoretical yield, and the
overall % yield?

1.1 Write a balanced equation
2. Use stoichiometry in balanced equation

:

3. Find g product predicted limiting reagent
¥ actual yield/theoretical yield x 100
‘4, Calculate percent yield




Learning Check: Calculating Percent  Yield
A student reacts 30.0 g benzene, C;H;, with 65.0 g bromine, Br,, to

prepare bromobenzene, CzH:Br. (MW CgHes = 78.102, C,H-Br

156.99, Br, = 159.808). After the reaction was complete, the
student recovered 56.7 g CzHsBr. Determine the limiting

reagent, the theoretical yield, and the overall % yield?

$

Step 1. Converts words to formulas and balance the equation

C6H6 + Brz B C6H5BI’ + HBF

Step 2. Determine the reactant that produces the least product.

1 molC¢Hg | 1 mol CgHgBr | 15699 CgHsBr _ 60.3 g CHeBr

CoH<Br = 30.0g CgH, ! |
J ~els J~676" 781gCHs 1moiCqH, ~  1mol CoH<Br

1molBr,  1molCgHsBr =~ 1569 g CgHsBr

C:H:Br = 65.09Br, ! : -
9 CeHs 9P2" 1598gBr, 1 mol Br, 1 mol CgHBr

= 63.8 9 C4;HBr

Step 3. CesHe is the limiting reagent. 60.3 g CeHsBr is theoret yield

g Actual 100= 56.7 ¢

% Yield = : =
o TIe g Theaetical 8 60.3 g

x 100= 94.0%




