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COLOUR SOLID

(Bold type indicates that the solid is water-solubie)

Buff MnS (flesh coloured)

Brown Ag,0 {greyish);- CdO (light); SnS (chocolate); Bi,S, (dark); PbO,{dark)
[

Yellow-brown | FeCly hydrated

Red-brown’ Fe,03; FelOH);; Cu,0 (often red); Cu,Fe{CN)g

Red HgO (also yellow form); Hgl, {yellow above 126°C); Ag,CrO, {brick red);
Cu,0 (sometimes brownish}; - K3FelCN)¢: CrO,

Pink CoCOQ;; hydrated Co? salts {very deep colour); hydrated Mn?t salts {very
pale, often almost white)

Red-orange Pb;0, lvivid colour); PbO (drab colour)
Orange Sb,Ss: SnS.(usually yeliow}; Hg,CrO, {brownish)
Yeliow HgO {muddy) (often red); Bi;O; PbO (often red-orange); Hgl; (red below

126°C); CdS; SnS, (sometimes orange); Pbl, {vivid colour}); PbCrQy {vivid
colour}; BaCrO, {pate}; -Agl {pale); AgBr (very pale — cream); soluble
chromates CrQ,7; FeCly hydrated (brownish); K, Fe{CN},

Green Hgsl, (yeliowish); NiCOj (pale); CuCO; {pale}; Cr,{CO3ls (muddy);
Cr;0s;  hydrated Fe®* salts (pale); hydrated Ni** salts; CuCl, hydrated;
hydrated Cr** salts (sometimes purple); occasionally Cu{NO;), hydrated

Blue hydrated Cu* salts; anhydrous Co®* salts
Purple Chromium(l1i} (deep} and iron{lii} {pale} alums
Black Cu0; NIO; Co0O; MnO, Fey0; CuS; NiS; CoS; HgS; PbS; Ag,S;

FeS; KMnO, (purple lustre)
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' COLOUR

ION{S) POSSIBLY PRESENT

Brown

I37 i.e. a soin. of 15 in I~{yellow if very dilute}; Fe* (yellowish) {pales on
addition of acid)

Orange

Cl’2072-
Brjaq. (soln. bLeaches litmus} {yellow if dilute)

Yellow

Fe** (brownish) (soln. acid to litmus)
Cr0,% (soln. alkaline to fitmus)
137, Bryaq. (see above) {smell of free halogen)

Green

Ni?* (see also under blue)

Cr?* (see also under purple)

Fe** (very pale)

Cu®* (as a conc. soln. of CuCly or, occasionally, of Cu{NO,),)
MnQ.2" {rare, unless Mn definitely suspected)

CrO," {soln. very alkafine to litmus)

Blue

cu?t
Co?* (deep)_{conc. soin.}
CU(NH3)42+

NitNH, )6 {often deep} (soln. aikaline to litmus, and smell of ammonia)

Purple

Mn04'
Cr* (concentrated solution)

Pink

Co*
MnO, {very dil. soln.}
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In the following table

@ = sparing!y soluble

O = borderline case

OH™ {or other symbol} indicates the nature of the precipitate
obtained when the expected compound is unstable or hydrolysed — it a K¥, Na* or NH,* salt is used
as the scurce of the anion, e.g. mixing solutions of an A** salt and sodium carbonate gives AlOH),
and not aluminium carbonate, which is hydrolysed

28171 + 3C0,% + 3H,0 = 2AI{0H); + 3CO;

i.e
ou-  |cosr- | s* o | Bro| 17 |NOyT | SO, | Other
insolubles
Aluminium | A*+ . OH™ | OH~
Ammonium | NHt
Antimony sut [ OH~ [ ] Basic chloride
Barium Ba?* o ] 90",{.!;.” ) Cr0.>"
Bismuth Bi** ) (] ] ] Basic chforide
Cadmium Cd*t | @ ¢ ]
Calcium ca?* 0 [ ] (c)gn‘ci,f 0
Chromium cr3t [ ] L OH~
Cobalt Co’t [ @ ] (]
Copper cu?t [ ] ® [ ]
Iron{l11} Fe3t [ ] QOH™ [FeS+ S
Iron{!t) Fel* ® (] ]
Lead Pp?* ] . e (o (0|0 ¢ | CrO7
Magnesium Mgt [ ] * OH"
Manganese | Mn?T | @ ® ]
Mercury {I1) | Hg®* | HgO ] ] ]
Mercury (1) | Hg,?* fgﬁ ° Tﬁg s 9o @ ¢ | Cro”
Nickel N2t ] ® ]
Potassium K* CoINO; )"
Silver Ag* Ag,0 ® ¢ L] e | @ 0 CrO*
Sodium Na*
Tin{IV) Sntt L) OH" .
Tin{li) Sn** [ OH- L
Zinc Znt [ ] 9
]
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Add the reagent to the test solution, observe any changes, then add the reagent in excess. Warm

and then boil {taking care if ‘bumping’ occurs), Read note at end of table.

OBSERVATION

INFERENCE

lon(s}
probably
present

Probable geaction

1. PRECIPITATE FORMED; INSOLUBLE
IN EXCESS REAGENT

(a) White

{b} Brownish-white (N.B8. may be white
initially but soon darkens)

{c} Rust-brown

{d) Grey-green

(e) Mud-green (mey be initialiy whitish)
darkening to grey on heating: slowly turns
brown at surface -

{f) Black

{g) Dirty-blue, darkening with excess reagent
(N. 8. ppt may dissoive in excess reagent jf

this is fairly concentrated, to give & yellow-
brown solution)

Insoluble hydroxide or basic nhrptd; no

complex ions of type MINH, ),

Bi*t

Pb1+ A'3+
Mg”' sp*

Fe**
Cr3+
Fe!-l'

14
Hg;

Co2+

formed

Basic salt pptd

Hydroxide or hydrated oxide
pptd

Mercury (11} aminochioride,
Hg{NH,IC!, pptd

Mn{OH); pptd; serial
oxidation to brown Mn{1H}
compound

Fe[OM)y pptd
Cr{OH); pptd

FelOH), pptd: aeria! oxidetion
to brown Fe{ill) compound

Mixture of Hg(NH;1Cl and
tinely divided {black) Hg pptd

Basi¢ salt pptd

283
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2. PRECIPITATE FORMED; SOLUBLE insoluble oxide or hydroxide pptd, dissolving
IN EXCESS REAGENT in excess reagent by complex ion formation
(a} White ppt — colourless solution cd*t, zn? M(OHI]; ppid, then giving
MIKNH;)
(b) Blue ppt = very deep blue solution cu?t Ditto
{c) Green ppt - deep blue solution. N2t NilOH}, pptd, then giving
(N.B. this ppt is often transient and NitNH, )t
difficult to observe unless Ni** solution is
concentrated)
{d) Brown ppt — colaurless solution Ag+ Ag;O pptd (hydroxide unstable)
(N.B. Tnis ppt is often transient) then giving Ag{NH,),*
(e) Dirty blue ppt {see 1{g) above) Co?t
3. SOLUTION CHANGES COLOUR ' Cr04%" Dichromate converted to
ORANGE - YELLOW chromate
CI’;O7’- + 20H™ = 2Cr04" + H;O
4. NO APPARENT CHANGE (though {e} Na*, K | Hydroxide soluble
possibly a slight turbidity of CaCO; or Ca?t Ba**
8aC0; due to presence of CO3*” ions in NH,*
ammonia solution)
{b}) No Possibly a solution of an acid or
metals H,0,
present

NOTE: Hydroxides of the following have relatively high solubility products and are not pre-
cipitated by ammonia solution in the presence of ammonium salts (i.e. NHK,* jonsk:

zn2+' Mgl'f' C°2+' Ni2+' Mn2+
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Hydroxide Potd by Sol. in Pptd by Sol. in Pptd by Colour Sulphide
NaQH{aq.) excess NH, {aq) excess NH3 (aqg) of pptd by
: NaOH{aq.) NH;(aq) in Sulphide H.S
presence ) from
of NH,*
Mg(OH), 9 slight not pptd
BilOH), ® [ ] [ ] Brown acid soln.
CdlOH], ] [ ] [ ) o Yellow | all solns.
Zn(OH), o [} L ] [ ] White alkaline
soln.
Al{CH); L ] ® ® ® not pptd
Sn{OH]}, ] ] [ ] ] Brown
SniOH), ° . ° ® Yellow | b acid
soln.
Sh(OH), ® ] ] ] Orange
PbiOH), [ ] ® ® ¢ Black all solns.

“N.B. If NH4Cl is used this will partially precipitate Pb?* as PbCl, — addition of NH; {aq) then
causes precipitation of Pb{OH), from the supernatant solution.
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OBSERVATION

INFERENCE
{on(s}
probably Probable reaction
present

1. NO PRECIPITATE

{N.B. Solutions of Co?*, Ni*t, Fe**

may darken stightly atter passing H,S,
particularly if heated — possibly a sulphide
sol is formed. An Fe??t ple which has
undergone sufficient gerial oxidation 10
Fe>* may yield a fainy white mistiness of S}

Metal sulphide is sotuble in water, is
completely hydrolysed or is sparingly soluble
and has a refatively high solubility product; or
no metal ions present

NH*, K*,

Na¥, Ba®,

Ca1+ Mg”.
AR Cot

Mn*, Co™,
Nit, Fe?”,
H,0;

2. PRECIPITATE FORMED

{i) A colourless soiution giving

{a) black ppt

{b) dark brown ppt

{c) yellow ppt

(d) orange ppt

{e} yellow-brown ppt turning rapidly
black

(1} white {fine) ppt

{ii} A yellow or orange solution giving

{a} white to yellow (fine) ppt

{b) muddy green suspension from
yeltow solution

{c) muddy green suspension from
orange solution

(v} A biue or green splution giving
black ppt

{v) A purple solution giving

dirty white (fine) ppt and purple
colour dispersed

Metal sulphide is sparingly soluble in water and
has a relatively low solubility product; OR An
axidising agent is present oxidising H;Ste §

Pb?™*, Hg,>* | PBS, Hg+ HgS, Ag,S pptd
‘l’\gJr

Bi™, Sn™ | Bi,S;, SnS pptd

ca™, Sn** | CdS, SnS; ppd

s Sb;S; pptd

Hg*t Dauble salts {e.g. HgCl;, HgS)
first pptd, then converted to
HgS

Zntt ZnS pptd

Fe*t H,S oxidised to $ and Fe&'t

reduced to Fe'*

CrO*
H,S oxidised to S, and green
€r** jons formed by reduc-
Cr,0% tion
cu® CuS pptd
MnO,~ H,S oxidised 10 S, and MnO,~

jons reduced to Mn?*
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Observations are essentially as for ‘neutral’ solutions. The following are important exceptions:

1. Zn** is not pptd from acid solutions.

2. Cd*t will not be pptd as CdS from strongly acid solutions because the solubility product of
the latter is not exceeded. 1§ cadmium is suspected 10 be present in an acid solution &nd 2 test is 10
be made with H,5, a portion of the solution should be dituted about 5 times before passing the ges

@, luarsavanei s

INFERENCE
OBSERVATION ton{s)
probably Probable reaction
present
1, NO PRECIPITATE Metal sulphide is soluble in water or is com-
pletely hydrolysed
NH,*, X*,
Nat, Ba",
ca?*, Mg,
A‘3+' Cr3+
2. PRECIPITATE FORMED Metal sulphide is sparingly soluble in water
(i) A colourless solution giving
(a) back ppt P, Agt PbS, Ag,S pptd; it PbS then Pb
‘ present as plumbate(lf}
{PbO; 2 7); il Ag,Sthen Ag
present as Ag(NH;),*
{b) dark brown ppt Sn?* SnS pptd; Sn present as
stannete(ll} {Sn0O,;%}
{c) yellow ppt ca*t CdS pptd; Cd present as
CdiNH3),**
{d) white ppt Zn?* Zn$ pptd; Zn present 8s Zn0;"

or Zn{NH,) 32"

{e) butf (or flesh colourtd] ppt Mn®t MnS pp1d

{ii} A blue solution giving

biack ppt Ni?*, Cu®t NiS, Cu$ pptd; if NiS then Ni
present as Ni{NH3)3*; if CuS
then Cu present as CulNH,)**

(iii) & pink to gold solution giving
{N.B. the colour here depends on the con-
centration of ammonia)

black ppt Co** Co$ pptd; Co present eithe as
' Co** {pink} or ColNH,},*
{gold} depending on the
ammonia concentration
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Flame tests are normally best performed on halides because these are the most volatile of salts.

{f testing a solid, moisten a ctean platinum or nichrome wire with concentrated hydrochloric
acid and bring into contact with the solid so that some of the fatter adheres to the wire. Hold the
wire in the edge of a non-luminous bunsen flame.

If testing a solution, treat a little of this with one drop of concentrated hydrochloric acid,
moisten the wire with the mixture, and hold in the bunsen flame.

N.B. {i} | potassium is suspected the flame should be observed through cobalt-blue glass {this
filters off wavelengths which interfere with observation — particularly the yellow of sodium).

{ii) 1f a non-expendable wire is used it must be thoroughly cleaned by alternately placing it
in concentrated hydrochloric acid (not the reagent bottle} and the bunsen flame.

COLOUR OF FLAME ION PROBABLY PRESENT

Red : Li*
Crimson Srit
Brick-red Ca®t
Yellow Nat often interferes with others
Green (apple} Ba®t

(bluish) Cu?t
Lilac (purple through biue glass} Kt
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(Summary of Solubility Properties of Ions and

Solids)
COo,2-, Cr0,*~ OH- H,S, 52—,

Cl- 50,2~ PO~ yellow 0>~ pH=05 pH=29
Na*, K*, NH,* S S S S S S S
Ba?+ S 1 A A S- S S
Ca?* S 5 A ) S~ S S
Mg?+ 5 S A S A S S
Fe*t (yellow) S S A A A S A
Cr3* (blue-violet} S 5 A A A S A
Al3* S S A, B A B A B S A, B
NiZ* (green) S S A, N AN A, N S At O
Co?* (pink) S S A A A S AT, OF
Zn%* S S A/BN A, BN A BN 8§ A
MnZ* (It. pink) S S A A A S A
Cu?t (blue) S . S A, N A, N A, N O (0]
Cd** S S A, N A, N A, N At O A*, O
Bid+ A A A A A O O
Hg?* 5 s A A A onC o4 C
Sn?*, Snit A B A, B A B A B A B At, C At C
Sb3+ A B A B A, B A B A B A+, C A*, C
Ag* A* N sSSN AN AN AN O 0
Pb%+ HW, B, At B A, B B A B 0] (@)
Hg,?+ o+ S A A A A o* o+

Key: 5, soluble in water,
A, soluble in acid (6 M HCI or other

nonprecipitating, nonoxidizing acid).
B, soluble in 6 M NaOH.

O, soluble in hot 6 M HNO,.

N, soluble

I, insoluble in any common reagent.

in 6 M NH,.

S7, slightly soluble in water.

A*, soluble in 12 M HCL.

O*, soluble in aqua regia.

C, soluble in 6 M NaOH containing
excess §2°,

HW, soluble in hot water.

Example: For Cu®* and OH the entry is A, N. This means that Cu(OH),(s), the product obtained
when solutions containing Cu®* and OH~ are mixed, will dissolve to the extent of at least 0.1 mole
per liter when treated with 6 M HCl or 6 M NHj, Since 6 M HNO;, 12 M HCI, and aqua regia are
at least as strongly acidic as 6 M HCI, Cu(OH),(s) would also be soluble in those reagents.
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(Solubility Product Constants)

ACETATES

AgCH,0,

HALIDES AND CYANIDES

AgCN
AgCl
AgBr
Agl
CuCl
Hg.Cl.
PbCl,
Pbl;
MgF.
CaF,

CARBONATES

Ag.CO,
BaCOy,
CaCO,
CuCQO,
FeCO;
MgCO;
MnCO;
PbCO;
SrCO,

K.,
4 X 10~

10—!&

1.8 X 1010
5 x 10m12
8.5 x 10~%
32 x 1077
1.1 X 1018
1.6 x 10~
8.3 x 10~
8 x 102
1.7 x 1010

8 x 10-12
1.6 X 107?
4.8 X 107°
2.5 X 107

2 % 10-1

4% 1078

9 %101
1.5 X 10—

7 X 10

CHROMATES
Ag2Cr0.
BaCrO,
PbCrO,
SrCrOQ,

HYDROXIDES
AlOH),
Ca(OH),
Cr(OH),
Cu(OH):
Fe(OH),
Fe(OH),
Mg(OH),
Mn(OH),
Pb{OH).
Sn(OH),
Zn(OH),

OXALATES
BaCy04
CaC,0,
MgCO,
SrC.0,

Kep
2 X 101
1.2 X 1010
2 X 107
3.6 > 108

10-3

1.3 X 1079
10-3

2 X 107
2 X 1018
10-37

9 X 10~
2 X101
4% 10~
10*37

5 x 10~

1.5 x 1073
1.3 X 10~
8.6 X 103
5.6 X 10-¢

SULFATES
Ag,S0,
BaSO.
CaS0y
ngSOA
PbSO,
SrSO,

SULFIDES
Ag.S
Cds
CoS
CuS
FeS
HeS
MnS
NiS
PbS
SnS
ZnS

K.,
1.7 X 10-%
1.5 X 10-°
24 X 108
6 X 107
1.3 % 103
7.6 x 1077

103
10—
10-21
10-%
1017
10-50
10
10-22
10728
10-27
1020
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(Standard Electrode Potential at 25°C)

5 4.

Half-Reaction &° (volts)
Sn** + 2~ — Sp* +0.15
S + 2H* + 2¢ — H,S(ag) +0.14
SO + 26 — 28,0 +0.09
AgBr(s) + ¢ — Ag(s) + Br- +0.0713
NO; + H,O + 2¢- — NO, + 20H" +0.01
2H*(ag) + 2¢= — H,(g) 0.0000
Fe'* + 3¢ — Fe(s) -0.036
CrO}” + 4H,0 + 3¢~ — Cr(OH)(s) + S OH- —0.12
Pb** + 2¢- — Pbis) —0.126
Sn** + 2¢- — Snis) —0.136
Oyg) + 2H,0 + 2¢- — H,0, + 20H- —0.146
Aglis) + ¢ — Apg(s) + I —0.152
Cu(OH)y(s) + 2¢- — Culs) + 2 OH" - =0.224
Ni?* + 2¢= — Ni(s) -0.25
Co** + 2¢- — Cofs) —0.28
PbSO,(s} + 2¢= — Pb(s) + SO~ —0.356
Cd** + 2¢0 — Cd(s) —0.403
Cr3* + e — Cr* —0.41
Fe** + 2¢= — Fe(s) -0.44
2C04g) + 2H* + 2¢ — H,C,0, —0.49
S(s) + 2= — 8§72~ —(.508
Cr* + 2 — Cr(s) R —0.557
Ag,S(s) + 2 — 2Ag(s) + §*- —0.705
Ni(OH),{s) + 2¢~ — Nifs) + 2 OH~ -0.72
Cr’* + 3¢ — Cr(s) -0.74
Zn?* + 2¢ — Zn(s) -0.763
2H, 0 + 2¢” — H,g) + 2CH- —0.8277
SOI™ + H,0 + 2¢ — SO + 2OH- —0.93
Mn2?* + 2¢0 — Mn(s) —1.18
Cr{(OH)y(s) + 3¢ — Cr(s) + 30H" —1.3
Ti?* + 2¢7 — Ti(s) —1.63
APY + 3e — Alls) —1.66
Be2* + 2 — Be(s) —1.85
Ti** + ¢ — Ti?* —2.0
Sc3*t 4+ 3¢ — Sc(s) —2.08
Mgt + 2¢ — Mg(s) —2.363
Nat* + ¢ — Naf(s) —-2.714-
Cax*t + 2¢- — Ca(s) —2.866
Sr2t + 2¢” — Sr(s) —2.89
Ba** + 2¢- — Ba(s) -2.90
Cst + & — Cs(s) —2.92
K* + ¢ — K(s) —2.924
Lit + e — Li(s) —3.045
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(Standard Electrode Potential at 25°C) (@@)

Half-Reaction &9 (volts)
Fyg) + 2¢- — F~ +2.87
H,0, + 2H* + 2¢- — 2H,0 +1.776
PbO.(s) + SO~ + 4H* + 2¢~ — PbSO,s) + H,0 +1.685
MnQ, + 41" + 3¢ = MnOys) + 2H,0 +1.679
HOC! + H* + ¢ — }Cl{g) + H,0 41.63
BrO; + 6H* + 5¢~ — 1 Br, + 3H,0 +1.52
MnO; + 8H* + 5¢= -»> Mn?* + 4H,0 +1,51
ClO; + 6H* + 5S¢ — 4 Clg) + 3H,0 +1.47
Cett + v — Ce3 +1.443
Autt + 3¢ — Au(s) +1.42
Cly(g) + 2¢= — 2C- +1.36
Cr,0}” + 14B* + 6 — 2Cr3t + TH,O +1.33
O,(g) + 4H* + 4 — 2H,0 +1.229
MnO,(s) + 4H* + 2¢- — Mn?* + 2H,0 +1.23
2107 + 12H* + 10 — I, + 6H,0 +1.195
ClO; + 2H* + 2¢ — ClO; + H,0 +1.19
Bry(aq) + 2¢- — 2Br~ +1.087
Bry(¢) + 2¢- — 2Br- +1.0652
NO; + 4H* + 3¢ — NO(g) + 2H;0 +0.96
NO, + 3H* + 2¢- — HONO + H,0 +0.94
2Hg? + 2¢- — Hgy' +0.920
Hg** + 2¢- — Hg¢) +0.855
Agt + ¢ — Ag(s) -+0.799
Hg* + 2¢ — 2Hg#) +0.789
Fe3t + ¢ — Feit +0.771
O,(g) + 2H* + 2¢ — H,0, +0.682
ABSO(s) + 2¢ — 2Ag(s) + SO~ +0.653
MnO; + 2H,0 + 3¢~ — MnOy(s) + 4 OH~ "+0.588
MnO, + e — MnO;~ +0.564
I(s) + 20 — 21° +0.535
Cut + e — Cu(s) +0.521
Ag,CrO,s) + 2¢ — 2Ag(s) + CrOy” +0.446
Oy(g) + 2H,0 + 4¢~ — 4 OH- 40.401
Cu2t + 2¢ — Cu(s) +0.337
Hg,Cls) + 2¢- - 2Hg(¢) + 2CI +0.268
AgCls) + ¢ — Ag(s) + CI +0.2223
Co(OH)(s) + e — Co(OH),(s) + OH~ +0.17
Cu?* + ¢ — Cu* +0.153
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12

C = 12.0000 amu

r

(Atomic Weights of Elements (**¢ = 12.0000 amu))

Sym- Atomic Atomic Sym- Atomic Atomic
Element bol number weight Element bol number weight
Actinium Ac 89 (227 Mendelevium Md 101 (256)
Aluminum Al 13 2698134 Mercury Hg 80 200059
Americium Am 1) (243, Molybdenum Mo 4?2 95 94
Antimony Sb 5] 121.75 Neodymium Nd 60 b2
Argon Ar 18 39.948 Neon Ne 10 20,179
Arsenic As 33 749216 Neptumum Np 93 HAT.048Y
Astatine At 85 (210) Nickel Ni 28 3870
Barium Ba 56 137.33 Niobtum Nb 41 92 9064
Berkelium Bk 97 (249) Nitrogen N 7 110067
Bervibhum Be 4 9.01218 Nobelium No 102 (284
Bismuth Bi 83 208.9804 Osmium Os 76 1490.2
Boron B 5 10.81 Oxyygen O 8 15909494
Bromine Br 35 79.904 Palladium Pd 46 1064
Cadmium Cd 48 112,41 Phosphorus P 15 30097376
Calcium Ca 20 40.08 Platinum Pu 78 19504
Calfornium Cr 98 (251) Plutonium Pu 94 i242)
Carbon C 6 12.011 Polonium Po 84 (210)
Cerium Ce 58 140.12 Potassium K 19 3900983
Ceswuin Cs 55 132.9054 Praseodyrmum Pr 59 1409077
Chlorine Cl 17 35.453 Promethium Pm 6! {145)
Chromium Cr 24 51.996 Protactinium Pa 9t 251.0359
Cobalt Co 27 58.9332 Racium Ra 88 2061264
Copper Cu 29 63.546 Radon Rn 86 [2o2y
Curium Cm 96 (247) Rhenium Re 15 186,207
Dysprosium Dy 66 162.50 Rhodium Rh 45 1029055
Einsteininm Es 99 (254) Rubidium Rb 37 Kh 4678
Erbium Er 68 167.26 Ruthenium Ru 44 101.07
Euvopium Eu 63 151.96 Samarium Sm 62 150.4
Fermium Fm 100 (253} Scandium Sc 2] 149559
Fluorine F 9 18.998403 Selenium Se 34 78.96
Francium Fr 87 (223) Silicon St 14 280855
Gadolinium Cd 64 157.25 Silver Ag 47 107.868
Gallium Ga 31 69.72 Sodium Na 1 22 98677
Germanium Ge 32 72.59 Strontium Sr 38 H7.62
Gold Au 79 196.9665 Sulfur S 16 32,06
Hafnium Hf 72 178.49 Tantalum Ta 73 1809479
Hahnium Ha 105 (260) Technetium Te 43 98,9062
Helium He Py 4.00260 Tellurium Te 52 127.60
Holmium Ho 67 164.9304 Terbium Th 65 158.9254
Hydrogen H I 1.0079 Thallium Tl 81 204.47
Indium In 49 114,82 Thorium Th 90 242.0381
lodine 1 53 1926.9045 Thulium Tm 69 168.9342
Iridium Ir 77 192.92 Tin Sn 50 118.69
Iron Fe 26 55.847 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten w 74 18%.85
Kurchatovium Ku 104 (257) Uranium U 92 238.029
Lanthanium lLa 57 138.9055 Vanadium v 23 53,9415
Lawrencium Lr 103 (257) Xenon Xe 54 131.30
Lead Pb 82 207.2 Yiterbium Yb 70 173.04
Lithium Li 3 6.941 Yitrium Y 39 B8.9059
Lutetivm Lu 71 174.967 Zine Zn 30 65.38
Magnesium Mg 12 24.305 Zirconium Zr 40 9j.22
Manganese Mn 25 54.9380

*Values in parentheses are mass numbers of longest-lived or best-known isotopes.
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