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Complete the following table:

Recognize that the atomic symbol (5X) gives us the mass number (A) as well as the atomic number (Z).

Symbol: 20Zr AoZrtTt 225

# Protons 40 40 16

# Neutrons 50 51 16

# Electrons 40 36 17
Mass Number (A) 90 91 32
Net charge 0 4+ -1

For 25Zr**, the atomic number is Z = 40, which means that there are 40 protons in the nucleus. There would be 40 electrons in the
neutral atom, but since we have Zr** there are four fewer electrons, so 36 electrons in total. Because the mass number (A = 91) is

the sum of the number of protons and neutrons, we can determine there are 51 neutrons in the nucleus (91 = 40 + n).



For each of the following entries, write the chemical name or the chemical formula.

Name Formula
Chromium(lll) phosphate CrPO,
Manganese(lV) oxide MnO,
Nitrogen monoxide NO
Aluminum sulfide Al,S;
Iron(l1l) nitrate Fe(NO;),
Sodium azide NaN;
Sulfur trioxide SO,
Barium sulfite BaSO;
Vanadium(lV) chlorate V(CIO,),
Zinc(ll) nitrate Zn(NO,),
Gallium acetate Ga(CH;COQO),
Molybdenum(lV) thiocyanate Mo(SCN),

Ammonium sulfate

(NH,),S0O,




How many hydrogen atoms are in a 50.0 g sample of ammonium carbonate?

The molar mass of (NH,),CO; is 96.09 g/mol.

Remember that:
* 1 molecule of (NH,),CO; = 2 atoms N + 8 atoms H + 1 atom C + 3 atoms O

* 1 mole (NH,),CO; =2 mole N+ 8 mole H + 1 mole C + 3 mole O

So:

1 mol (NH,),CO5 y 6.022 x 1043 molecules
96.09 g 1 mol (NH,),CO;4

50.0 g (NH,),CO5 X% = 3.13, x 10%3 molecules (NH,),CO4

8 atoms H

3.13, x 1043 molecules (NH,),CO5 X = 2.51 x 10%* at H
* molecules (NH,); (05 1 molecule (NH,),CO4 OIS




A 3.25 g sample of a sugar containing only carbon, hydrogen, and oxygen was burned in excess oxygen. The mass of carbon

dioxide collected was 4.76 g and the mass of water collected was 1.95 g. What is the empirical formula of the sugar?

First, realize that the combustion of this sugar can be expressed as the unbalanced chemical equation:
C.H,0, (?) + O, (g) = CO, (g) + H,0O (g).

Second, understand that all of the carbon in the sugar must be converted into the 4.76 g of CO, and all of the hydrogen in the

sugar must be converted into the 1.95 g of H,O. This means that we can determine the mass of C and H in the sugar as:

1molC02>< 1 mol C X12.01g_130 . 195 HOleOlHZOX 2 mol H X1.008g
4401g 1molCO, 1molC % 262 " T8 02¢ ~ 1molH,0  1molH

4.76 g CO, X = 0.218gH

This means that the mass of O in the sugaris: 3.25g — (1.30 + 0.218)g = 1.73 g0

Third, we can determine the relative number of moles of C, H, and O in the sugar as:
1 mol C 0.108 mol C

C > 130gCx = 0.108 mol C — = 1mol C
5% 1201 ¢ 0.108
1 mol H 0.216 mol H
H - 0.218gH X = 0216 molH — o~ 2molH
1.008 g 0.108
1 mol O 0.108 mol O
O - 1.73g0 X ~0.108mol0 — e - 1molO
16.00 g 0.108

So, the empirical formula of the sugar is CH,O.



A 3.25 g sample of a sugar containing only carbon, hydrogen, and oxygen was burned in excess oxygen. The mass of carbon

dioxide collected was 4.76 g and the mass of water collected was 1.95 g. What is the empirical formula of the sugar?

The molecular mass of the sugar is 180.6 g/mol. What is the molecular formula of the sugar?

Previously, we found the empirical formula of the sugar is CH,O, which has an empirical mass of 30.03 g/mol.

Because we know the molecular mass of the sugar, we can determine the molecular formula (CH,O),:

molecular formula mass

n = -y
empirical formula mass
- 180.6g
- 30.03¢g
n=~6

So, the molecular formula of the sugar is:

(CH,0)6 or CgH;,06



You perform a reaction between 0.200 g of cesium metal and 0.824 g of chlorine gas, and obtain 0.167 g of cesium chloride as a

product. What is the percent yield of cesium chloride?

2 GCs(s) + 1 Cl,(g9 = 2 CsCl(s)

First, determine the limiting reactant. There are several ways to determine the limiting reactant.

Method 1: Figure out which reactant produces less product

1 mol Cs 2 mol CsCl 1 mol Cl, 2 mol CsCl

0.200 g Csx x — 0.00150 mol CsCl 0.824 g Clyx x
5% 1329g ~ 2 mol Cs THOLAS 5~2777090g 1 molCl

-.Cs is limiting because it produces less CsCl.

= (0.0232 mol CsCl

Method 2: Compare how much you need vs how much you have of each reactant

1molCs 1molCl, 7090g

0.200 g CsX X X = (0.0533 g Cl ded
5% 1329g ~ 2mol Cs ~ 1 mol Cl, 5 2 HEEEE

.Cs is limiting because we have more Cl, gas than we need (0.053 g vs 0.824 g).

Method 3: Compare expected and actual mole ratios
1 mol Cs 1 mol Cl,

. = 0. 824 g Cl = 0.011 1Cl
0.200 g CsX 1320 g Cs 0.00150 mol Cs 0.824 g C 2X7O.9OgC12 0.0116 mol Cl,
~.Cs is limiting because Cs:Cl, mole ratio should be 2:1, but it's actually 0.13:1.
Now, determine the theoretical yield of CsCl, and then the percent vield:
1molCs 2molCsCl 16835¢g
0.200 g CsX = 0.2535 g CsCl

X X
1329g 2molCs 1 mol CsCl

0.167 g CsCl
0.253; g CsCl

X100% = 65.9%



First, balance the following chemical equation. If you start the reaction below with 1.665 g of phosphoric acid (H;PO,) and 2.000 g

of sodium carbonate, how much (in grams) of each reactant remain after the reaction is over.

You may assume 100% for the reaction.

2 H;PO,(aq) + 3 Na,CO;(s) & 2 NazPO,(agq) + 3 CO,(g + 3 H,Ol

First, determine the limiting reactant. | will show only one method but see Problem 5 for alternative methods.

Method 2: Compare how much you need vs how much you have of each reactant
1 mol Na,CO; 2 mol H;PO, 97.99 g
2.000 g Na,CO5 X

X X
10599 ¢g 3 mol Na,CO; 1 mol H;PO,
-.Na,COyj; is limiting because we have more H;PO, gas than we need (1.665 g vs 1.233 g).

= 1.233 g H;PO, needed

Because Na,CO; is the limiting reactant, we will have none of it leftover (O g Na,CO,).

From the above calculation, we know we need 1.233 g of H;PO, to react with all 2.000 g of Na,CO,. So, the amount of H;PO,

leftover is:
1.665 g H,PO, — 1.233 g H,PO, = 0.432 g H,PO,



A metallic oxide (an ionic compound) has the formula M,O,. The molar mass of the compound is 250.2 g/mol and the charge on

the metal ion is 3+. Identity the metal ion and write the name of the ionic compound.

If M3*, then the ionic compound has the empirical formula M, 0..

If we assume we have 1 mol of M,0,, then we can subtract the mass of 3 mol O~ anions from molar mass to give the mass of the

remaining 2 mol M3* cations:

250.2g- 48.00g = 2022¢

Divide this mass of 2 mol M3* to get the molar mass of just 1 mol M3* (101.1 g/mol).

We can locate on periodic table as that Ru®* has this molar mass.

Therefore, Ru,05 is ruthenium(lll) oxide.



|sotope 28G;j 29Sij 30S;j

Silicone exists in three stable isotopes, as listed in the table to the right. Mass (amu) 27.97693 28 97650 29 97377

Calculate the average atomic mass (in amu) of a sample of natural silicon. Abundance 92.23% 4.67% 3.10%

The average atomic mass of any natural sample is an average of the masses of that sample’s stable isotopes, weighted by their

natural abundances.

In other words,

Mg; = aymy + a,m, + azmy
= (0.9223)(27.97693 amu) + (0.0467)(28.97650 amu) + (0.0310)(29.97377 amu)
= 25.80 amu + 1.35 amu + 0.929 amu

Mg; = 28.09 amu



An unknown hydrocarbon has an empirical formula of CH and its mass spectrum is shown below. What is the molecular formula

of the hydrocarbon?

In mass spectrometry, the peak farthest to the right (with the
MASS SPECTRUM

largest intensity) is called the molecular ion peak. This peak 1007
gives us the molecular mass of the molecule. -
80 -
In the spectrum to the right, the molecular ion peak is ~78, so 2 60-
- -
: h
the molecular mass if ~78 g. = ‘
T 40- :
The empirical mass (CH) is 13.02 g. -
20 -
So, the molecular formula (CH), is: oodb— il L 1‘,’ -
0.0 15 30 45 60 75 90
molecular formulamass  78g m/z
n = — ~ 6 NIST Chemistry WebBook (https://webbook.nist.gov/chemistry)

empirical formulamass 13.02 g -

(CH), or C,H,



