Chemistry 1210 ALL Sections

Dr. Zellmer

Time: 7 PM Sun. Autumn Semester 2022 September 18, 2022
30 min Quiz III

Name KEY Lab TA/time

1. (5 pts) Calculate the mass percent composition of ALL elements in Ca,(PO,),.

(At. wts: Ca=40.08, P =30.97, O = 16.00) (Must show all work.)

mass element

Mass % of = = cmmmmmme x 100%
element total mass
mass element
From a molecular or : mass % = —--mmmmmmmmee - x 100%
MW (or FW)

empirical formula

Ca:3x40.08amu = 120.24 amu
P:2x3097amu = 61.94 amu
O:8x16.00amu = 128.00 amu

FW for Ca,(PO,), = 310.18 amu (5s.f)

120.24 amu

7Y OF: i I — x 100% = 38.765 % Ca (5 s.f)
310.18 amu
61.94 amu

%P = e x100% = 19.97 %P (4s.f)
310.18 amu
128.00 amu

7% 6 N T x 100 % = 41.266 % O (5 s.f)
310.18 amu
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2. (3 pts) Cisplatin, an anticancer drug, has the molecular formula Pt(NH,),Cl,. How many moles
of hydrogen atoms are in 2.8 x 10 ™ g of cisplatin?
(At. Wts.: H=1.008, N =14.01, C1=35.45, Pt=195.1 ; Mol. wt: 300.07)

1 mol Pt(NH,),Cl, = 6.02 x 10* Pt(NH,),Cl, molecules = 300.07 g Pt(NH,),Cl,
Also, 1 mol Pt(NH;),Cl, = 6 mol H atoms

1 mol Pt(NH,),Cl, y 6 mol H atoms
300.07 g Pt(NH,),Cl, 1 mol Pt(NH;),Cl,

? mol H atoms =2.8 x 10™* g Pt(NH,),Cl, x

= 5.5986 x 10°° moles H atoms

= 5.6 x 10°® moles H atoms

3. (3 pts) Elements represented by atomic symbols A and Z. form molecular compounds AZ (g) and A,Z
(1). For 6.00 g samples of each of the two compounds at 25°C,

a) one can state that there are the same number of molecules in both samples.

b) one can state that there are fewer molecules of AZ than A,Z.

¢)* one can state that there are more molecules of AZ than A,Z.

d) one can not make a statement about the number of molecules because the
states of the samples are different.

e) one can not make a statement about the number of molecules because the
atomic weights of A and Z are not given.

There are two molecules AZ(g) and A,Z(() composed of atoms A and Z (the states of the two molecules is
immaterial). There are 6.00 g of each. Based on the formulas the A,Z molecule has a larger MW (molar mass).
The molar mass of a substance is inversely proportional to the moles (MM = g/mol) and thus the moles is
inversely proportional to the MM,

MM = g/mol mol = g/MM
Thus, since the mass of each cmpd is the same (6.00 g) the substance with the smaller molar mass will have the
larger number of moles and thus the larger number of molecules (since molecules and moles are directly

proportional). AZ has a smaller molar mass than A,Z and thus AZ has the larger number of moles and
molecules.
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4. (7 pts) An analysis of a compound containing only carbon and fluorine gives a mass percent
composition of 21.32% C and 78.68% F. The experimentally determined molecular weight is
507 amu. (At. Wt.: C=12.011, F = 18.998)
Must determine empirical formula first

Assume a 100 g sample

2132¢C 78.68 g F

Step 1: convert to moles

C:21.32gCx 1moleC = 1.7750 mol C (4 s.f.)
12.011 gC

F:78.68 gF x 1 mole F = 4.1414 mol F (4 s.f.)
18.998 ¢ F

Step 2: find mole ratio (divide each by smallest # moles)- this is also atom ratio
in empirical formula.

C: 1.7750 = 1.000 F: 41414 molF = 2.333
1.7750 1.7750 mol C

C, F,i55 can’t have fractional subscripts, so multiply subscripts by 3
(if you try multiplying by 2 you are not close enough to a whole
number - you get 4.666 F atoms)

EF is C,F,

EFW =169.02 amu (empirical formula weight)

b) (2 pts) What is the molecular formula? Not asked for on the quiz.

Step 3: determine the molecular formula. The MF is always an integer multiple of the
empirical formula, EF. Thus the MW is the same multiple of the EFW.

MW = n x EFW

MW 507 amu

"TTERW . 169.02amu 299 =3

MF = (EF), = (GF;); =| GF,,
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5. (7 pts) A 0.589 g sample of an organic compound containing only carbon, hydrogen and oxygen was
burned completely in air to produce 0.733 g of CO, and 0.299 g of H,0. What is the empirical formula
of the compound? (Atomic weights: C=12.01, H=1.008, O = 16.00)

This is an empirical formula problem using combustion analysis. In CA the sample undergoes complete
combustion. All the Carbon winds up in the CO, and the Hydrogen winds up in the H,O . If there is one
other atom its mass can be determined by remembering the conservation of mass, in this case oxygen.

In this problem a 0.589 g sample produces 0.733 g of CO, and 0.299 g H,O.

Can do this in a couple of ways. In lecture I converted the masses of CO, and H,O into the masses of C
and H atoms present in the original sample by using mass fractions. Then I got the mass of the third
atom (in this case oxygen) by using the Law of Conservation of mass. Then I converted all the masses to
moles.

Here I'm converting the masses of CO, and H,O into the moles of C and H atoms present in the original
sample since we need that anyway and then converting that to the masses of C and H atoms present in
the original sample. Then those are used to obtain the mass of oxygen which is then converted to moles
of oxygen.

Determine moles and mass of C and H in the sample:

1 mol CO, I mol C
?mol C = 0.733 g CO, x X = 0.01665 mol C (3 s.f.)
44.01 g CO, 1 mol CO,
1 mol H,O 2 mol H
?mol H = 0.299 g H,0 x x = 0.03319 mol H (3 s.f))

18.016 g H,0 1 mol H,0

Need moles of oxygen but have to get mass first. Need to calculate mass of C and H and subtract from
the total mass of sample to get the mass of oxygen.

12.01 gC
?2gC = 0.01665 mol C X -----emoeecem- = 0.2000 g C (3 s.f)
1 mol C
1.008 g H
?2gH = 0.03319mol H X -----emoemcemev = 0.03345gH (3s.f)
1 mol H

?7g0 = 0.589 gsample - (0.2000 g C+0.03345 gH) = 0.3555g0O

Find moles of O:

1 mol O
?molO = 0.3555g0 X -—--cmomomme- = 0.02221 mol O (3 s.f))
16.00 g O

*akxE continued on next page ***F**
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5. (Cont.)
Empirical Formula calculations:
Divide each of the moles by the smallest number of moles (in this case O).
0.01665 mol C

C: =100 x 3 =3.00 =3
0.01665 mol C

0.03345 mol H
H:

1.99 x 3 = 5.97

|
o)

0.01665 mol C

0.02221 mol O
O:

1.33 x 3 = 3.99

Il
N

0.01665 mol C

Can’t have non-integer ratios (subscripts). Have to multiply by a factor to get integers. Must multiply
each one by 3 (multiplying by 2 won’t give a number close enough to an integer for oxygen).

6. (4 pts) Given the balanced equation below, how many moles of hydrogen can be produced from the
complete reaction of 3.860 x 10" mol of Fe with excess water? (At. Wts.: H=1.008, O =16.00, Fe =

55.85)
3Fe(s) + 4H,0(g) — Fe,Ohaq) + 4H,y(g)

mole-to-mole stoichiometry problem

4 mol H,
? mol H, = 0.3860 mol Fe x -------------- = 0.514666 = 0.5147 mole H,.
3 mol Fe

7. (5 pts) How many grams of oxygen (O,), reacting with excess C,H,, are required to form 35.0 g
of carbon dioxide (CO,), according to the following equation? (At. Wt.: H=1.01
0 =16.00, C=12.01; Mol. Wt: C,H, =30.08, O, =32.00, CO, =44.01, H,0 = 18.02)

2CH, + 70, — 4CO, + 6H0

gram ~ gram stoich

50 0. = 3500 CO. x 1 mol CO, y 7 mol O, . 32.00 g O, 4453500
TEY T TR T 401gCO,  4molCO,  1molO, e
=445¢0,
(3s.f)
grams _ grams moles given y moles desired , grams desired
desired given grams given moles given moles desired

grams given = mol given = mol desired = grams desired
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8. (6 pts) Calcium hydroxide reacts with phosphoric acid according to the following equation. Which
substance is the limiting reagent when 1.00 mol of Ca(OH), reacts with 0.50 mol of H,PO,? How many
moles of the excess reagent remain after completion of the reaction?

3 Ca(OH), (s) + 2H;PO,(aq) — Cay(PO,),(aq) + 6 H,0 (0)

This is a limiting reactant problem. These are just stoichiometry problems. There is more than one way
to do a LR problem. In this case since it’s asking for the limiting reactant and the mass of excess
reactant remaining after completion of the reaction.

1) Method 1: Calculate which reactant gives the smallest number of moles of product, and then use to
determine how much of the excess reactant would be used (and remains).

Calculate mol Ca,(PO,), from Ca(OH), and H,PO, :

1 mol Ca,(PO,),
? mol Ca,(PO,), = 1.00 mol Ca(OH), x = 0.3333 mol Ca,(PO,), (3 s.f.)
3 mol Ca(OH),

1 mol Ca,(PO,),
? mol Ca,(PO,), = 0.50 mol H,PO, x = 0.2500 mol Ca,(PO,), (3s.f.) LR
2 mol H,PO,

Fewer moles of Ca,(PO,), obtained from the H,PO, so the H;PQO, is the LR and only 0.2500 moles of
Ca,;(PO,), are formed. Calculate the moles of Ca(OH), required to produce 0.2500 mol of Ca,(PO,),

3 mol Ca(OH),

? mol Ca(OH), = 0.2500 mol Ca,(PO,), * = 0.750 mol Ca(OH), used (2 s.f.

10l (OH), S s(PO,), ol CaiPO, S (OH), (2s.f)
? mol Ca(OH), = 1.00 mol Ca(OH), - 0.750 mol Ca(OH), = 0.250 mol Ca(OH), remaining
H,PO,is LR 0.25 mol Ca(OH), remaining

2) Method 2: Determine mole ratio of the two reactants & compare it to the mole ratio in the bal. eqn.

1.00 mol Ca(OH), 3 mol Ca(OH),

0.50 mol H,PO, 2 mol H,PO,

Since the actual ratio of Ca(OH), to H,PO, (ratio = 2) is greater than that from the bal. eqn. (ratio = 1.5)
this means Ca(OH), is in excess and H,PO, is the LR. Can then calculate the moles of Ca(OH), required
to react with the H,PO,.

3 mol Ca(OH),
? mol Ca(OH), = 0.50 mol H,PO, x = (.750 mol Ca(OH), used (3 s.f)
2 mol H,PO,
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9. (3 pts) Which of the following are strong electrolytes?

HF HCI Cu(Cl0y), Ca(OH), C,H,OH
All soluble ionic substances (salts) are strong electrolytes. All strong acids and bases are strong
electrolytes. You need to memorize these. All other molecular substances that dissolve are either weak
or non-electrolytes.
The 7 strong acids are: HCI, HBr, HI binary acids

HNO,, HCIO,, HCIO,, H,SO, (1* H" only) oxyacids (ternary)

Strong bases are group 1 A and 2 A hydroxides are the most common. We will learn others in Ch 16.

The following are strong electrolytes: The following are weak electrolytes:

HCl strong acid HF weak acid

Cu(Cl0y), soluble ionic cmpd. C,H,OH molecular (nonelectrolyte)
Ca(OH), strong base (ionic as well)
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