Monatomic lons

lons are atoms that have either lost or gained electrons. While atoms are neutral, ions are
charged particles.

» Aloss of electrons results in a positive ion or cation (pronounced “cat-eye-on”).

» A gain of electrons results in a negative ion or anien (pronounced ‘an-eye-on”).
Although ions and elements have similar chemical symbols, they are entirely different
substances with different physical properties.

A. Monatomic lons
In order to determine the charge of monatomic ions, you can use the periodic table as a guide:

Group # T
{Column) .Eon Charge Examples
1 |These elements lose one electron to form+1ions. . | . Na®, Lit K"
2 These elements lose two electrons to form +2 jons. Mg®, C&*", Ba®

15 These elements gain three electrons and form —3 N P
- ions. ’
16 These elements gain two electrons to form —2 ions. 0%, §*
17 These elements gain one electron to form —1 ions. F,CrLBr, T
These atdms do NCT form ions. Their charge is
18 always zero. He, Ne, Ar, Kr

Naming lons (Nomenclature):
Simple cations are named by saying the element and adding the word “ion.”

Na' is called “sodium ion”
Mg*" is called “magnesium ion”

Simple anions are named by dropping the ending off the element name and adding “ide.”

F is called “fluoride”
0% is called “oxide”
N* is called “nitride”

Note: the charge of a moratomic anion is equal to the group number minus 18.



Use a periodic table to complete the table below:

Nomenclature Worksheet 1:
Monatomic lons

Element Name Element Symbol lon Name lon Formula
1. sodium N &%

;. bromine %g -

3. magnesium §UV} + 4
4. chlorine {f",,.%?, —~

5 oxygen {;‘ 2 -

| 6. boron 6 %4
7. lithium L ¥
8. neon ae
9. phosphorus %}‘%""
10.aluminu“:.1”1 ” | mm@m
11.calcium @M‘z *
12.iodine -

L 13.nitrogen N%w
14.cesium C %”r
15. sulfur gg -
16.fluorine {W -

; 17.potaé§fum v &
18.barium E@ v
19.hydrogen A t

20.helium




Simple Binary lonic Compounds

lonic compounds are compounds formed by the combination of a cation and a anion.
(Think: “metal plus nonmetal”). lonic compounds are more commonly known as

“salts.” Binary jonic compounds are compounds containing only two elements, as
demonstrated in the examples below.

When wiiting formulas for ionic compounds, we use subscripts to indicate how many of
each atom is contained in the compound. Remember that even though ions have
charges, ionic compounds must be neutral. Therefore, the charges on the cation and
the anion must cancel each other out. In other words, the net charge of an ionic

compound equals zero.

Example 1:

-~Fora salt containing sodium ion; Na*; and chloride; CI'; the ratiois one to one. The

positive charge on the sodium ion cancels out the negative charge on the chloride.
(+1)+ (1) =0

Therefore, the formula for the salt is NaCl. (The actual formula is NaCl, but chemists

omit subscripts of 1),

Example 2:

For a sait containing calcium ion, Ca?*, and chloride, Crl, the ratio can’'t be one to one.
(+2) + (1) = +1

Remember that ionic compounds must be neutral. In order to yield a neutral compound,
two chlorides must bond to the calcium ion:

(+2) + 2(-1) = 0

So, the formula for this salt is CaCls.

Nomenclature:

When naming ionic compounds, simply write the element name of the metal followed by
the jon name of the nonmetal. (Remember: the metal ion (cation) is always written

first!)

NaCl is called "sodium chioride,” and CaCh is cailed “calcium chloride.”



Nomenclature Worksheet 2:
Simpie Binary ionic Compounds

Please complete the following table:

Name of lonic Compound

Formula of fonic Compound

1. Sodium bromide

e D

2. Calclum chloride (o U2
| 3. Mégnééiﬁrﬁ sulfide N4 <y

4. Aluminum oxide igq,‘;(jg
5. Lithium phosphide Lia?

6. Cesium nitride Ceoyn N

- 7. Potassium iodide

* A

8. Barium fluoride

Po. e

20. ‘*".;;;;ii‘&\;/ww L. f\f‘wiﬁv"x{ﬁ\f\;

9. Rubidium nitride a&{\g N
10..Barium oxide \‘%G& O
11 Qo lwesiuan e oxile | KO
12, (e MO Mgh
13, Moo Chalgache AiCl
14 colcivn [vomide CaBr;
15, i P NasN
16 koo @ikt LiF
17, o i Glrai@hcie BasP;
18 b sutgioks  Cs2S
19. s Alvnn Ploandhe SrF2
" NaCl




Polyatomic lons

Polyatomic ions contain two or more different atoms (polyatomic means “‘many atoms”).
Here are some common examples:

a. ammonium ion, NH4" (the only positive polyatomic ion you need to know)

b. "ATE” ions: contain an atom bonded to several oxygen atoms:

Nitrate = NO3~ Phosphate = PO,> Sulfate = SO~
Carbonate = CO3% Acetate = CHsCOy Chlorate = ClOy

c. “ITE” ions: remove one oxygen from the “ATE” ion and keep the same charge:
Nitrite = NOy Phosphite = POs¥ Sulfite = SO;%
Chiorite = ClOy”

d. Other common complex ions:

Hydroxide = OH" Cyanide = CN

fonic Compounds Containing Polyatomic lons

As you've already learned, ionic compounds are formed by the combination of a
positive ion (cation) and a negative ion (anion). This is the same when dealing simple
ions or complex ions. Be careful to note, however, that complex ions are grouped
together and should not be separated. In other words, don’t ever separate the sulfate
ion, SO4% into sulfur and oxygen. Ifit's written as a group, keep it as a group!

Since complex ions come in groups, things can get tricky when using subscripls. As a
result, we use parentheses to separate the ion from the subscript:

If we need two sulfates in a compound, we write: (SOq),.
If we need three nitrates in a compound, we write: (NO3)s.

And, just as before, the net charge of the compound must be zero. For a salt
containing sodium ion, Na™, and nitrate, NOs", the ratio would be 1:1 since the positive
and negative charges cancel out. Therefore, the formula is NaNO; and is called sodium
nitrate. (Note: no parentheses are necessary here).

For a salt containing calcium ion, Ca?", and nitrate, NOy', the ratio must be 1:2 {one
caicium ion for every two nitrates). So, the formula would be Ca(NO;),.



Nomenclature Worksheet 3;
lonic Compounds Containing Polyatomic ions

Please complete the folfowing table:

Name of lonic Compound

Formula of fonic Compound

Sodium chromate

g\j (A2 (/if' Cz;

Calcium carbonate

2 (o LD
3. Magnesium nitrate M, NG ) g
4. Aluminum su’fate | B, Cfi@ég\)”ﬁ
5. Lithium phosphate u}} ?Q%

6. Ammonium chioride 4+ Ny O

7 Cesium chlorate G, CROS

8. Potassium sulfate K 2 S0

8. Barium acetate Ben (ﬂ(’_ﬁ“%{@@?"} 7
10. Rubidium cyanide @mg\i

M. Bolasswan G0 1RE KCHQCézm

12 RAgeprddivion ‘a&cf\ PW"& Mgs(POsj2

13, ploaiasrvs dadgratt AN(CIO2)s

4 Codpivon Sudpacic CaSO0s

15, s padhetan “g,-wf}dg.\,v e oy buno ity Sr{HCOs)y

16. s octinasn  an bt NaNOe,

7. U SRV Comor byt Li2COs

18, | pvicm  pohvecke | BaNO:);

19, Conimn  clhvoan ot CsoCr04

20, oot Wﬁg@wﬁw e NH,OH




lonic Compounds Containing Transition Metals

The transition metals are the elements located in the middle of the periodic table (in groups 3-
12. Unlike the group 1A and 2A metal ions, the charges of transition metal ions are not easily
determined by their location on the periodic table. Many of them have more than one charge
(also known as an oxidation state). There are eight transition metals that you should highlight

on your periodic table:

Co, Cr, Cu, Fe, Mn, Hg, Sn, and Pb

Each of these elements form more than one ion and therefore must be labeled accordingly.
For example, iron forms fwo ions: Fe® and Fe®. We call thege ions “iron (!I) ion” and “iron (lll)

fon” respectively. (See “Table of Transition Metal lons”).

When naming any ion from the elements listed above, you MUST include a Roman numeral in
parentheses following the name of the ion. The this roman numeral is equal to the charge on
the ion. We don't include the “+” because all metal ions are positive. Here are two more

examples:

Pb* = “lead (IV) ion” - Cr* = “chromium (i) ion

Similarly, when naming a compound containing one of these transition metals, you must
include the Roman numeral as well. “Iron Chioride” isn't specific enough since the compound
could contain either iron (I} or iron (lil) ion. You must specify the charge on the iron.

Iron (11} chloride contains the Fe™ ion. When combined with chioride, CI, we know the formula
must be FeCl,.

fron {111} chloride contains the Fe®* ion. This time, three chiorides are required to form a neutral
compound. Therefore, the formula is FeCl,.

By looking at the formula of an ionic compound, we can determine the charge (oxidation
state)} of the metal.

Example: Write the name of Co,0,

1. Recognize that Co, coball, is a transition metal. This means that you must include a Roman
numeral after its name. So, the basic name wilt be Codalt {__) Oxide.
2. To find the charge on cobalt, use oxide as a key. Oxide has a charge of -2 so three oxides

will have a charge of -8,
3. What balances a -6 charge? A +6 charge! So, the positive half of the compound must

equal +6,
4. Since there are two cobalt ions, the charge is split between them. So, each one has a +3
charge. Therefore, we are using the Co™ ion and the compound is calied cobait {Ill) oxide.

Remember that anions (negative ions) always have a definite charge. When dealing with
compounds containing transition metals, /nok to the anion first Determine the charge of the
anion and then solve to figure out the charge of the cation.

When dealing with metals other than the transition metals, you don’t need Roman numerals. In
other words, calcium ion, Ca*" is always +2. Don't call CaCl, “calcium {Il) chioride.” Its name is

“calcium chloride.”



Please complete the following table:

Nomenclature Worksheet 4:
fonic Compounds Containing Transition Metals

Name of lonic Compound

rormula of lonic Compound

Con S0

1. Copper (ll) sulfate
2. Copper (I) oxide (e (O
| 3. Chromium (Jl) cyanide Cor £ () 3
4. Cobalt (It) hydroxide Co (oM
|5 Siverbromide S A
6. Zinc nitrate Tl Nfﬁ)‘%} o
7. Iron (ill) acetate e (CoHaDg)n
| 8. Lead (IV) sulfate Pl {0y
9, L’\gfg;,}fx{g% £\) {éﬁ/i{‘_}y{‘{}iﬁgd FeC!g
TOI ek Lt ﬁ {ar W"ﬁ‘a PbSQO,
1 Garedd (Y o burats Co5(COg)s
13, Zrc. C_’,,uéﬁw-v‘-;crlﬁq Zn{CN)z
14, ¢ ppprr L D) Chtonde | _C{JQQ; |
15. “&%;g‘\ﬁé;ﬁ)ﬁ‘v\tbb’%’yﬂ {. ii E\) Cr(OH)3
16, parconsy (V) oracka Hg-0




Name the following compounds:

1. CaFy
2. Nay0
3. BaS

4. CuSOQq4
5. FeyO3
6. HgCh
7. A_gNOg
8. MgCO,
8. KCyH30;
10.K2Cr205
11, Al(OH);
12.PbBr;
13.ZnS0s
14.NaHCO;
15.NH,CI
16.LizPO4
17.5nClz
18. AlINO,)3
19.Rb,CrO4
20.KMnO4
21.CuCl
22 FeS0Qy

Nomenclature Worksheet 5:
lonic Compounds Summary

Coubed v L lsvicle 23.sodium ftuoride

el e Opde 24.potassium sulfide
Vo | b A.,L&ié;'f,{ " 25.calcium carbonate
Co00ey G Audiede  26.magnesium hydroxide
} "L:;-'m (LD ox Z{M 27.zinc nitrate

ML LA {11 (I i, 28.silver acetate
-t
29.copper (1) oxide

£ }\}& M /\i %’V;’,’L {'{.. ...
ey i naB30.1ron (1) chloride

ENL Frad A Lo
cLeefube 31, barium chromate

o0 A e
%%« Gtaviamn_ohic i Wf?x-ngfgsz' aluminum oxide

QUi i uaiex dl¢33.1ead (1) sulfate
34.tin (V) oxalate

Y a Y N
ol (1) smaaacie
YL
T ‘Mt L.

e s?s%ﬁx?/m ﬁ“xW\xWﬁM
o rAdegna A
A vt s ulann JQA,&LW&&"

Loloivtumn Nsir huade, 38 radium sulfite
39. chromium (Ili) chloride

35. calcium phosphate

36. lithium permanganate

37.mercury (1) nitrate

o L iiY e i

Aliinei fiion Al A2 40.ammonium sulfide

Clrwap i 41.copper (1) acetate

Q.u{ N {Li. Lhrinry
Dol vimy Doy P « 4e. 42 calcium bicarbonate
i i

tooper i) Culoviele  43.tin () oxide
%
on (1Y haffude 44.silver sulfite
b

Give the formula for each compound:
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Naming Binary Covalent Compounds

Binary covalent compounds come from the combination of two nonmetals (or a
nonmetal and a metalloid). These compounds do not involve ions; as a result, they
have a slightly different naming system. Chemists use prefixes to indicate the number
of atoms in each compound. The prefixes are listed in the table helow:

Mono
Di
Tri

Tetra

Penta

Hexa

Hepta

Octa

Nona

Deca

O ~ND | iw|N—

-
Lon]

When naming binary covalent compounds, the first element name is given followed by
the second element with an “ide” ending. The first element gets a prefix when there is
more than one atom in the compound* The second element ALWAYS gets a prefix.
Here are some exainples:

Compound Name

NO* Nitrogen Monoxide
N.O Dinitrogen Monoxide
NOg» Nitrogen Dioxide
NaQOs Dinitrogen Trioxide
N2O4 Dinitrogen Tetraoxide
NoGs Dinitrogen Pentaoxide

* Notice that the prefix “mono” is omitted in these cases

Prefixes are necessary when naming covalent compounds because the atoms can
combine in any whole number ratio. Ny O, for example, cannot simply be called
“nitrogen oxide,” because there are several other compounds that contain nitrogen and
oxygen. We must specify that there are two nitrogen atoms bonded to a single oxygen

atom.

When dealing with ionic compounds, there is only one way for a cation and anion to
combine fo form a neutral compound. As a result, there is no need to use prefixes.
This is why CaCl; is called “calcium chloride,” rather than “calcium dichloride.”



Nomenclature Worksheet 6:
Binary Covalent Compounds

Please complete the followng table:

Namé of Covalent Compound Formula of Covalent Compound

1. carbon dioxide | gers
2. phosphorus triiodide 1
3. sulfur dichloride ‘5 (i
4. nitfbgen triftuoride | FAN Y
5. dioxygen diffuoride ' (G
| A f\..i\‘\”ﬁi‘;iz@’\ ,‘Lgi”r QQ’L.&&%?'V.{C{& | 6. NaFa

ﬁwz\%»v\ Yedva CW.‘C‘JL»;:}‘_\/'T ele 7. SCly

(S lodda. Y Focusecia, 8_‘_ CIFs

silMton  duog cehe 9. Si0,

10.P404¢

Yoo glonPhergs  cie owicle

Determine whether the following compounds are covalent or ionic and give them their
proper names.

1. Ba(NO3), -+ O A A

Iy e N A AL

2. CO {

3. PCl; & p I A chodewele
4. Kli T po lpd, L iAna ocbioAx

5. CFs & ¢ arbon  dedvn chloaite

6. MgQ I VPR et i eAdd
7.CuS T coppev (1Y Nl

8.80; A bl ioeicic
9. NCli ¢ auhnerpn i dilorele



Shortcut for Formula Determination:

Use the following methcd when asked to determine the formula of an ionic compound:

1. Write the two ions with their charges (metal first).
2. lgnoring the + or — charges, “crisscross” the numbers and make them subscripts.

3. Then, rewrite the formula, dropping the charges.

(See Examples Below)

Example 1;
Write the formula for cafcium chloride:

1. Write the two ions with their charges (metal first).
ca® cCr
2. Ignoring the + or — charges, “crisscross” the numbers and make them subscripts:

ca® cr

3. Then, rewrite the formula, dropping the charges. In this case, the formuia is: CaCl,,

Example 2:
Write the formula for magnesium oxide:

1. Write the two ions with their charges (metal first).

Mgz+ Oz.
2. [gnoring the + or — charges, “crisscross” the numbers and make them subscripts:
“”92'!- O2A

3. Then, rewrite the formula, dropping the charges. The rewriften formula is: Mg, Q..
Note: Since the subscripte for the anion and cation are the same, the formula reduces to

Mg101,

Therefore, the correct formula is written as: MgO.



