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Resume for Mike Burnson

 Degree in chemistry, 1977
 Paint/coatings laboratory 1977-78
 Began work in a plating laboratory in January, 

1979  Analysis, troubleshooting, product 
development

 Sales with various companies 1984 - 92
 Managed laboratory 1994 – 2001
 Running my own lab January, 2002 - July, 2018
 Technical Director, Scientific Control 

Laboratories since August, 2018

 Boeing approved independent laboratory
 NADCAP-certified since 2005

 Developed second-generation brightener for cyanide copper and brass
 First to identify the cause of pitting from chromium mist suppressants
 Developed the procedure now required by Boeing for assaying tin deposits
 Developed the first chromium mist suppressant that met California regulations
 Developed first theory on mechanism of alkaline chromium stripping



Today’s program and objectives
This is NOT about arcane procedures that no one uses!
This is about fine-tuning your current techniques to 
improve the quality of your current performance.

Four areas to be covered
1) Error propagation and Differentials
2) Standards and standardization
3) Fine-tuning your analyses – four basic types
4) Special attention to aluminum processes
5) Calculations – chemical balance and additions

Lots to cover, so listen fast!



Error propagation
Every step in an analysis carries some degree of uncertainty, 
generally written as +/- (plus or minus). This is known as the error.

All glassware MUST be Class A laboratory standard.
Capacity (mL)    Burets     Measuring pipets      Transfer pipets      Volumetric flasks 
2 ± 0.01 ± 0.006 
5 ± 0.01  0.02 0.01 
10 0.02 0.03                           0.02 
25 0.03 0.05   0.03 ± 0.03 
50 0.05 0.08 0.05 0.05 
100 0.10               0.15 0.08 0.08 
200 0.10 0.10 
250 0.12 
500 0.15 
1000    0.30 

In addition to these, sampling is altered by temperature (warm nickel 
solutions), surface tension (nickel, chrome, chloride zinc), precision of 
standardization, and so on.

Every potential imprecision accumulates, so that the final 
result might be plus or minus a couple percent. 

Attention to detail: minimizing the error at each step is critical.



Pipette Technique
1. NEVER pipette by mouth
2. Using a pipette bulb, fill the TD (To Deliver) pipette 

above the volume line
3. Fill and empty the pipette 3 - 4 times before drawing 

sample (conditioning)
4. Draw sample well above the volume mark and quickly 

cap the end of the pipette with your fingertip
5. Allow to drain slowly until the meniscus (bottom of the 

liquid curve) meets the volume mark (picture 1)
6. Place the pipette into a flask
7. Allow to drain - extra time required for viscous liquids
8. When mostly empty, lift the pipette above the liquid.  

Touch the side of the flask with the tip, allowing last 
drop to drain

9. Some liquid will remain in the tip of the pipette.  This is 
normal.  LEAVE IT IN THE PIPETTE.  (Picture 2)

10. After use, rinse thoroughly with tap water, then DI water, 
and put in a safe place.

Pict 1

Pict 2





NO, not “Godunov”

NO, not “Godunov”

NO, not “Godunov”

Attention to detail: minimizing the 
error at each step is critical.



The concept of the differential
Similar to, yet distinct from, error propagation is the effect of a 
differential. Think of this as a slight change that accumulates over 
time to yield a large difference.

Time value of money
Here’s why you should be in the company 401(k):

Current Annual Return % Inflation
value contribution

$           - $          4,000.00 8.00% 2.00%

Year Approx $ Infl Adjusted

2020 $                   - 1.000 $                  -

2030 $        62,581.95 1.219 $       51,339.00 

2040 $      197,691.69 1.486 $     133,040.84 

2050 $      489,383.47 1.811 $     270,174.37 

2060 $   1,119,124.16 2.208 $     506,840.61 

2070 $   2,478,687.08 2.692 $     920,901.36 

2080 $   5,413,881.44 3.281 $  1,650,055.06 





Some effects of the differential in the laboratory:

 Evaporative losses from reagents concentrate 
the chemical and give a lower titration.

 Water on and in pipettes dilutes standards.
 Water on the aspirator tube on the AA dilutes 

the lowest standard, then drags through to 
subsequent standards.

 Drag-through from one sample to the next

The point is, make a 

conscious effort 
to be aware of and prevent such alterations of 

chemicals used in analysis.



Demanding requirements for standardizing
 Error propagation and differentials both play important roles
 Wipe the outside of the pipette BEFORE and AFTER drawing sample
 Aspirate the pipette BEFORE touching the standard solution
 Discard the portions used to standardize the pipette itself
 Allow extra drain time for standardization samples
 Be very meticulous with endpoints – one-drop precision



Real-world example of meticulous standardization

Old standard, prepared 3/2/2018, expiration 3/1/2020
New standard, prepared 2/24/2020

Both use high-purity sodium chloride from the same bottle

NaCl must be dessicated prior to use

Different analytical balances used to weigh NaCl for standard

Probably different glassware

Old standard used 18 or 19 times over two years

Both were used to standardize new silver nitrate, 2/24/2020



Standardization of silver nitrate, 2/24/2020

Per old standard:     0.10043 M

Per new standard:   0.10059 M

Difference:              0.16%



0.10XX M silver nitrate reagent
In-house preparation of solution:
SCL has silver nitrate crystal in house. Depending on the volume being prepared, weigh close to 17.0 grams per
liter (51 g/3 l) of solution being prepared.
Dissolve the crystals directly in a suitable volumetric flask, accompanied by 3 ml of 50% nitric acid as a
preservative. Transfer to the DARKENED storage/dispensing container with appropriate additional volumes of
water. Mix very thoroughly, condition the affected AMBER burette with the new solution, and standardize.

Standardization of silver nitrate reagent:
This testing must be done with each new preparation. The analysis of silver nitrate is accomplished by titration
against a known, suitable, certified standard. The standard used must have the analysis, including assay,
preprinted on the label. The following procedure is used to test concentration of the 0.1000 M silver nitrate

Required for this procedure
10-ml Pipette Deionized water
0.100 M Standardized chloride solution Calcium carbonate (chelometric grade)
Other standard laboratory glassware
Sodium dichlorofluorescein indicator (Alternate indicator: 10 % Sodium chromate indicator)

0.1000 M silver nitrate
1. Using the 10-ml pipette, measure three (3) separate samples of 0.10XX M chloride solution into Erlenmeyer

flasks
2. Add approximately 50 ml of deionized water to each of the flask and neutralize with calcium carbonate to a

slight excess of solids.
3. Add a few drops of sodium dichlorofluorescein (or alternate) as the indicator. Titrate to the first pinkish

(alternate is reddish) endpoint.
4. Calculate the average of the three results. No single result may deviate from the others by more than 1.00%,

nor may it deviate from the average by more than 0.50%.
5. If any of the results must be discarded, repeat testing until consistent results are achieved. Perform the

analysis in triplicate and calculate the average.
6. Calculate the molarity of the silver nitrate using the following formula:

M AgNO3 =  (10 x  M C1 ) / mL titn
7. This value must be inserted into the appropriate cells for relevant argentometric titrations on client

worksheets.

Ref: Standard Methods, 18th Edition (1992), 4500-Cl- B, 4.b

The result of this standardization will affect some 250 analyses.



0.0575 M EDTA (ethylenediamine tetraacetic acid, disodium salt)
In-house preparation of solution:
SCL has powdered EDTA in house. Depending on the volume being prepared, weigh close to 21.5 grams per
liter (64.5 g/3 l) of solution being prepared.
Dissolve the powder directly in a suitable volumetric flask. EDTA takes awhile to dissolve, so use a magnetic
stirrer. Transfer to the normal storage/dispensing container with appropriate additional volumes of water. Mix
very thoroughly, condition the affected burette with the new solution, and standardize.

Standardization of EDTA reagent:
This testing must be done with each new 20-liter cube or any in-house preparation. The analysis of 0.0575 M
EDTA is accomplished by titration against a known, suitable, certified standard. The standard used must have
the analysis, including assay, preprinted on the label. The following procedure is used to test concentration of
the 0.0575 M EDTA:

Required for testing
0.0575 M EDTA (outside source or in-house) 10.000 g/l zinc standard
Deionized water 5-ml pipette
Eriochrome Black T indicator mix 1:1 ammonium hydroxide (reagent grade)

1. Using the 5-ml pipette, measure three samples of the 10.000 g/l zinc standard into Erlenmeyer flasks.
2. Add approximately 50 ml of deionized water to each of the flask in Step 1.
3. When ready to titrate, add approximately 20 ml of the ammonium hydroxide solution and approximately

½ gram of the indicator mix. The solution will have a distinct purple color.
4. Immediately titrate each sample against the 0.0575 M EDTA to a distinct blue endpoint. Note the

volume used (it should be approximately 13.30 ml).
5. Repeat Step 4 with the other samples.
6. Calculate the average of the three results. No single result may deviate from the others by more than

1.00%, nor may it deviate from the average by more than 0.50%.
7. If any of the results must be discarded, repeat testing until consistent results are achieved. Perform the

analysis in triplicate and calculate the average.
8. Calculate the molarity of the EDTA using the following formula:

M EDTA =  (5 x  M Zn ) / mL titn
9. This value must be inserted into the appropriate cells for relevant metal titrations on client worksheets.

Ref: Standard Methods, 18th Edition (1992), 2340 C, 2.d

The result of this standardization will affect some 200 analyses.



1.000 N sodium hydroxide

In-house preparation of solution:
SCL has granular sodium hydroxide in house. Depending on the volume being prepared, weigh close to 42 grams per
liter (500 g/12 l) of solution being prepared. Sodium hydroxide is highly hygroscopic, so a slight excess is required.
UNDER THE FUME HOOD, add the NaOH pellets to a suitable excess of water in a heat-resistant container (metal,
heavy plastic, Pyrex glass). Agitation must be provided rapidly to prevent large quantities from forming a “rock” on the
container bottom. Significant heat and fumes are generated in this process. Allow the solution to cool and transfer to a
suitable measuring container (typically, 2-liter volumetric flask). Transfer to the normal storage/dispensing container with
appropriate additional volumes of water. Mix very thoroughly, condition the affected burette with the new solution, and
standardize.

Standardization of NaOH reagent:
This testing must be done with each lot, whether purchased or prepared in-house. The analysis of 1.000 N sodium
hydroxide is accomplished by titration against potassium hydrogen phthalate (KHP). The KHP used must be of
acidimetric grade with assay printed on the label. The following procedure is used to test concentration of the 1.000 N
sodium hydroxide:

Required for testing
Desiccated KHP acidimetric standard 0.1 milligram balance
Deionized water Phenolphthalein indicator
1.000 N sodium hydroxide Appropriate laboratory glassware

1) Weigh out three or four samples of approximately 5 grams each of the KHP. Note the weight to the nearest 0.1
milligram.

2) Dissolve each of the KHP samples into approximately 100 ml of deionized water. Warm the water if required.
3) When the KHP has completely dissolved in the water, add phenolphthalein indicator. The solution should remain

clear; if any cloudiness develops, it is not important.
4) Titrate the KHP solution against the 1.000 N sodium hydroxide to the first pink endpoint. This should be a one-

drop endpoint (clear to pink with one drop of reagent). Note the volume used.
5) Repeat Step 4 with the other samples.
6) Calculate the normality of the sodium hydroxide using the following formula:

N NaOH =  (grams sample/ 204.23) / (mL titn / 1000)
7) Determine the average normality of all samples. This value must be inserted into the appropriate cells for acid

titrations on client worksheets.

Ref: Standard Methods, 18th Edition (1992), 2310-B, 3.c

The result of this standardization will affect some 1,000 analyses.



ANALYTICAL PROCEDURES FOR ZINC CHLORIDE PLATING SOLUTIONS

Equipment and chemicals required:
250-ml Erlenmeyer flasks Various pipettes (1-, 2-, 5-, and 0.5-ml)
D I Water Ammonia (1:1 with DI H2O)
Eriochrome Black-T 0.0575 M EDTA
Calcium carbonate (fine powder) 0.100 N Silver nitrate
Fluorescein indicator (.1 g dichloro fluorescein /100 ml acetone) Alt: 10 % sodium chromate
Formaldehyde mix (1:4 with DI H2O), pH ~ 9.0 Phenolphthalein solution
1.000 N Sodium hydroxide
Mannitol Bromocresol purple
0.100 N Sodium hydroxide pH meter

Zinc metal:
1) Draw a 1-ml sample of the plating solution. Dilute to 50 ml with DI water.
2) Add 20 ml of 50% ammonium hydroxide.
3) Immediately before titration, add Eriochrome Black - T indicator
4) Titrate with 0.0575 M EDTA to blue endpoint.
5) Zinc metal in oz/gal = titration x 0.50

Total chloride:
1. Draw a 0.50-ml sample of the solution. Dilute to 50 ml with DI water.
2. Add approximately 1 g calcium carbonate. Solution should remain turbid.
3. Add a few drops of fluorescein indicator (or sodium chromate).
4. Titrate against 0.100 N silver nitrate to pink (or orange-red) endpoint.
5. Total chloride in oz/gal = titration x 0.9456

Ammonium (mixed salt solutions):
1) Draw a 5-ml sample of the solution. Dilute to approximately 50 ml.
2) Add phenolphthalein indicator.
3) Immediately before analysis, add 10 ml formaldehyde solution
4) Titrate against 1.000 N NaOH to full red endpoint.
5) Ammonium chloride in oz/gal = titration x 0.48

Alternate: Boric acid: (potassium-based solutions)
1) Draw a 2-ml sample of the solution. Dilute to approximately 50 ml.
2) Add 5 grams mannitol; swirl to mix.
3) Add bromocresol purple indicator.
4) Titrate against 0.10 N NaOH to blue endpoint.
5) Boric acid in oz/gal = titration x 0.4107

pH: Check electrometrically against pH 4.01 buffer



Equipment

Various chemicals
Deionized water (250K ohms minimum, preferably 1 megaohm)

Analytical reagents 
(1.000 N HCl, 1.000 N NaOH; 0.0575 M EDTA, 0.1000 N S2O3, etc)
Many benefit from a suitable preservative

Standardizing reagents to verify the concentration of the analytical reagents
KHP (NaOH), CaCO3 (EDTA), K2Cr2O7 (thiosulfate), Cl- (AgNO3))

Conditioning reagents 
(50% NH4OH, 10% KI, 4 M NaOH, etc)

Indicators – many are required in most labs

Various additional equipment based on the analyses to be performed

Analytical protocols (written procedures for analysis, standardization, calibrations) 



Qualified person to perform tests and 
interpret results

…And most important of all…



For most basic labs, there are four types of analysis:

1) Acid-base – a reaction with a proton, H+

a) cleaners 
b) pickling solutions
c) acidic or alkaline plating solutions

2) Redox – an exchange of electrons, also called oxidation-reduction
a) hexavalent chromium – plating or chromates – Cr+6 to Cr+3

b) tin solutions
c) organic additives by back titration

3) Complexometric – mostly EDTA with divalent (+2) metals
a) copper, brass, bronze cyanide
b) zinc cyanide or chloride
c) nickel – Watts, Wood’s strike, sulfamate

4) Argentometric (silver nitrate) – also called precipitation
a) cyanide 
b) chloride



Basic analytical concepts

M1V1 =  M2V2

M1 =  M2V2 / V1

The underlying concept: Under controlled conditions, 
1) Prepare a known volume (V1) of an unknown chemical (M1)
2) Add a known volume (titration, V2) of a known chemical (analytical 

reagent, M2), allowing the two chemicals to react.  
3) When this reaction is complete, an excess of the chemical being 

added triggers an instant change in appearance, known as an 
endpoint.

4) Use the three known values to determine the final value (M1), using 
the equation

For those who wish to be picky, 
acid-base and redox titrations use N rather than M

If glassware isn’t used correctly, it doesn’t work! 



pH measurement – the most fundamental 
acid-base measurement is simple as could be!
Not quite…  
1) Calibration should be done every day, preferably with three buffers.
2) Use fresh buffer every day, keeping the previous day’s buffer as a conditioner.
3) Rinse the pH electrode in DI water, swish in old buffer, then into the fresh.
4) When finished, store electrode per manufacturer’s recommendation



5) Watch the expiration date on the buffers – they have a limited shelf life.

6) pH 10.00 is sensitive to air exposure.  Use a collapsible storage container.

7) Maintain the probe properly per manufacturer’s recommendations – rinsing, 
storage, refilling, cleaning.

8) Clean the bulb and reference regularly with a SOFT toothbrush.  Do NOT use 
paper.

9) Probes have a finite life.  Replace when response remains sluggish or readings 
are not reproducible after routine maintenance.



Acid - base titrations

Basic concept: exchange of a proton:

. .                           . .                                
H : Cl :           H+ +  : Cl : - Dissociates into two ions

˙ ˙                          ˙ ˙

Keep in mind the size of the nucleus of an atom:  While it contains 99.98% of 
the mass of an atom, it is roughly one-trillionth of the volume.  That is, this 
proton can move freely!

H+Cl- +      Na+OH- Na+Cl- +     HOH
Acid                  Base                          Salt              Water        

Troublesome issue with acid-base: selection of an appropriate indicator.

Strong acids – close to 100% dissociation; weak acids – tiny fraction dissociate. 



Phenolphthalein is a common indicator: nice, clear to pink/red endpoint.  
Great endpoint, lousy acid-base indicator for plating solutions.

pH = 0 H+ =  1.0 N (1 gram per liter as free H+ )
pH = 1 H+ =  0.1 N
pH = 2 H+ =  0.01 N
pH = 3 H+ =  0.001 N  (free H+ is about 1 mg/l, or 1 ppm)
pH = 4 H+ =  0.0001 N 

Under the conditions of a pH > 2, metals will come out of solution; that is, 
you risk titrating metal hydroxides rather than hydrogen ion.  You can easily 
see solids form and redissolve toward the end of the titration.  Any solids 
remaining in the flask after the endpoint is achieved indicates an 
OVERtitration. More solids  = more ERROR

Let’s say a pickling acid in a normal production line has 1 gram per liter 
of dissolved iron. That equals roughly 3.45% of cationic charge in an acid 
solution of pH 0. 

Fe AW = 55.85
1 g/l = 0.0179 M

Because it is divalent, that’s 0.0358 N of positive electrical charge

By pH 1, that’s 26.4% of available positive charge; by pH 2, there’s far more 
iron trying to react with hydroxide than there is hydrogen ion. That’s why 
you see solids forming well ahead of the endpoint when titrating acidity.



pH curve iron solubility during titration

These curves show solubility of various FERRIC iron (Fe+3) species. Most iron in acid 
solutions is FERROUS (Fe+2) and converts to the ferric state from oxygen in air as pH rises. 
While we might focus on the Fe+3 line, the other species form instantaneously as the drop of 
hydroxide hits the solution. Vigorous agitation minimizes this side effect.

An appropriate indicator for metal-bearing solutions will change color about pH 3. My 
preferred strong acid indicator is ethyl violet, transition 2.0 – 2.4.



The buffering of bisulfate:
H2SO4 H+ + HSO4

-1 Ka = 103

HSO4
-1 H+ + SO4

-2 Ka = 10-2

What this means is that the first proton is neutralized long before 
the second proton reacts.

During titrations, the first proton is titrated followed by bisulfate. 
They are not titrated simultaneously.

When metals are present in sulfuric acid solutions,
they do not exist as H2SO4 plus Fe, Cu, or Al ions.

Instead, there is 
Al(HSO4)3 Each gram of aluminum consumes 10.8 grams of bisulfate

Fe(HSO4)2 Each gram of iron II consumes 3.47 grams of bisulfate
Cu(HSO4)2 Each gram of copper consumes 3.05 grams of bisulfate



Solutions with high iron are still problematic, 
even with a better choice of pH indicator. 
Iron and other metals form insoluble oxides 
before the indicator endpoint. Iron is the 
worst because it changes color as it changes 
valence from +2 to +3.

Titrate to a pH of 3.0 for solutions such as 
iron-based deox-desmut.

Determine iron by AA, if possible.

Aluminum processing solutions are special problems!

Aluminum etch solutions contain various 
chemicals (silicate, gluconate) that can 
buffer the solution in the transition range of 
the indicator. 

Titrate one sample to the traditional 
phenolphthalein endpoint (red to clear), but 
titrate the second to a pH 10.5 endpoint. The 
difference represents the dissolved 
aluminum. Use your normal factor.
Yes, this technique is open to debate.



What is the correct endpoint for the total acid 
titration? It has to be brought to the full red 
endpoint, not just pink. 

The pH transition goes from strongly acidic 
to neutral to a buffered alkaline to a trace of 
excess hydroxide (actually, the soluble 
hexahydroxide). 

Aluminum processing solutions are special problems!

As for the free acid, potassium fluoride is a 
poor choice. It etches glassware, it’s 
expensive, it’s hazardous, and it might add 
acid by itself. 

A better choice is to use a low-pH indicator, 
such as ethyl violet. For most anodizing 
solutions, it reaches its (dropwise) endpoint 
before metal hydroxides form. 

If precipitates obscure this endpoint, you 
probably need to decant!



Redox (reduction-oxidation) titrations

Basic concept is the exchange of an electron:

Cr2O7
-2 +  3 SO3

-2 +  8 H+ 2 Cr+3 +  3 SO4
-2 +  4 H2O

IO3
- +  3 Sn+2 +  6 H+                           I- +  3 Sn+4 +  3 H2O

Electrons are “large” compared to protons – about four times larger diameter, 
but about 1/2000 of its weight.  They spin in various patterns around the nucleus 
and are the origin of all our sensory awareness – color, shape, hardness, taste.  
They can transfer readily between different nuclei, especially when a magnetic 
field is applied.  

3e- x  2

2e- x  3

2e- x  3

6e-



What’s REALLY happening is different…

While in a strongly acidic medium, the potassium iodide reduces the hexavalent 
chromium to form iodine solution:

Cr2O7
-2 +  9 I-1 +  14 H+ 2 Cr+3 +  3 I3

-1 +  7 H2O

The iodine gives the dark reddish color and reacts with the thiosulfate:

Other oxidizing agents (permanganate) follow a similar pattern with the first 
reaction, then duplicate the second.

Reactions using iodine (hypophosphite in EN) use only the second.

3e- x  2

1e- x  6

I3
-1 + 2 S2O3

-2 3 I-1 + S4O6
-2

1e- x  2

1e- x  2





Hints for redox analyses

 Most titrations use potassium iodide as a “conditioning” reagent.  
When added directly to an acidified sample, make sure enough is added so that no solids
(I2) remain. 

 For acid copper analysis, extra KI is required.
As I3

-1 is formed, cuprous iodide (CuI) precipitates, consuming extra iodide ion.

 Starch is universally used as the indicator.  Keep it fresh!
A little bit cloudy is common.  If lumpy or moldy, throw it away and make it fresh.

 What if the sample reverts back to a black color?
If the endpoint remains for 15 seconds, it’s final.  Changing color is common as the
solution can react with oxygen in the air.  Especially true of solutions with iron
contamination.

 Approach the endpoint dropwise.
The reaction is not so instantaneous as acid- base.  Take it slowly toward the end.

 Many procedures use a back-titration (organic additives, hypophosphite).  
An excess of oxidizing agent is added to a sample and allowed time to react.  The 
titration determines the excess remaining, and the amount consumed determines the 
specie being analyzed. ALWAYS run a blank for a standard.

 Standardize the reagents regularly.  Redox reagents deteriorate.  
Preservatives are helpful, but regular standardization is important.



And then, there’s tin…

The endpoint for tin analysis with iodate requires an excess of 
free iodide ion. 
 KI is added to the iodate reagent for this reason.
 For small titrations, not enough KI is present to yield the black 

endpoint
 For solutions with copper contamination, the iodide is 

consumed by precipitating as CuI
 For bismuth alloy solutions, an orange BiI2 precipitate forms 

(above), consuming available iodide.

Therefore, add 5 ml of 10% KI to tin solutions before titration.



Chelometric analyses
Basic concept: determination of a metal by forming an organo-metallic complex

1. Virtually all use EDTA

2. When using EDTA, the metal must be divalent – zinc, nickel, and cadmium are 
divalent in normal usage; however, copper in cyanide solutions must be treated 
with a suitable oxidizing agent to convert it from +1 to +2.

3. Reactions and indicators are sensitive to pH. Ammonium hydroxide as a 
conditioning reagent is suitable for most, but not all, tests.

4. Cyanide solutions require a dose of formaldehyde, as well, to lyse the cyanide 
complex.  Small amounts are sufficient, but allow a few seconds before 
titrating.

(Note: formaldehyde can oxidize in air to formic acid. If you dilute your own         
formaldehyde solution, neutralize with dilute sodium hydroxide solution. This 
happens even when a preservative is added to the concentrated solution. Verify
formaldehyde with a pH meter regularly.)

5.      Use as little indicator as possible that will yield an appropriate endpoint



Nickel titration by EDTA

1) Nickel sample/water/50% NH4OH/Murexide 
2) Add EDTA quickly to transition range
3) Add dropwise to purple endpoint

Cobalt is also analyzed with murexide indicator, but requires special 
attention. The ammonium complex is not highly soluble, so add about 2/3 of 
expected titration, then add ammonium hydroxide and complete the titration.

1 2 3



Copper titration by EDTA

1) Copper sample/water/50% NH4OH/Oxidizer
Immediately before titrating, add 5 ml of formaldehyde and a few drops of PAN

2) Add EDTA quickly to transition range, then dropwise to green endpoint
3) Copper may revert back to blue, so add another couple drops back to green

Cyanide copper solutions usually have complexors as anode corrosion aids

2
3?

1



Precipitation (argentometric) analyses

Basic concept: determination of a specie by forming a solid (precipitate)

1. Most use silver, though the reactions are different

2. The nature of the endpoint varies with the type of test:
Cyanide: Endpoint is when the precipitate forms, the solution turns cloudy
Chloride: When all chloride is precipitated, silver reacts with the indicator 

to give the endpoint

3. Reactions and indicators can be sensitive to pH. A small addition of 
sodium hydroxide improves a cyanide titration endpoint; a tiny amount of 
calcium carbonate buffers the chloride determination.

4. Use as little indicator as possible that will yield an appropriate endpoint



For analysis of cyanide, silver is added and forms its own soluble complex 
with the available cyanide. When all the cyanide is complexed with silver, 
the insoluble silver iodide forms a cloudy endpoint. 

“Total” cyanide is analyzed for zinc and cadmium. Conditioning reagents 
are required to allow the metal to remain in solution while the cyanide reacts 
with the silver. For zinc solutions, an excess of sodium hydroxide is added; 
for cadmium, excess ammonium hydroxide. In both cases, an alternate 
soluble species is formed, freeing the cyanide.

1 2 3

1) The clear solution ready to titrate
2) The first faint cloudiness is the proper endpoint in most cases

3) Cadmium in particular must be taken to opacity



1) The sample is ready to titrate. Calcium carbonate (chelometric
grade) buffers the pH and provides a strongly white background.
2) The first excess of silver yields a bright pink endpoint.

For analysis of chloride, silver is added and forms the insoluble halide. 
When all the chloride is precipitated as the insoluble form, the silver reacts 
with the dichlororfluorescein indicator to form the pick endpoint. 
Sodium chromate can be used, going from yellow to red. Some organics interfere with 
the fluorescein, making the chromate preferable.

1 2



Cleaning glassware

Many titrations leave residues on the sides of flasks – precipitation and acid-base.  
Such residues will interfere with subsequent analyses if left in the flasks.

 Re-acidify acid-base to redissolve the metal hydroxide residues.

 Alkaline residues – rinse once (twice if it contained cyanide!), then wash with a 
solution of 10 – 25% hydrochloric acid.

 For cyanide precipitates (AgI), add a little cyanide back to redissolve.

 For acid copper (CuI), rinse, add some water, then add a small amount of 
ammonia solution.

In all cases, dispose of analytical wastes properly.  

In most cases, four rinses with running tap water followed with a DI rinse  is 
suitably clean for the next round of analysis.  

Environmental applications often require more strict cleaning procedures.



Calculating results and additions

ACID COPPER SOLUTIONS Standard
No.  1 No.  2 No.  3

Copper metal 0.00 6.55 7.85 7.65
Copper sulfate 0.00 25.67 30.80 30.00
Sulfuric acid, oz/gal by wt 0.00 5.32 7.97 7.00

Additions
Tank volume, gallons 250 250 250
Copper sulfate, lbs 469 68 0
Sulfuric acid, pints 59 14 0

Acid coppers 1 2 3 Sample, ml Titrant N
Thiosulfate 0 15 18 2 0.1030
Sulfuric acid 0 4 6 5 1.0163
Tank size 250 250 250

What’s with the zeroes?
Two reasons: first, as a check that the underlying calculations are valid;
second, to calculate the make-up for a new solution.

Note: Potential problem with high copper and high acid in # 3!



=+($J5 * 63.57 * D5)/($I5 * 7.5)

Calculating the copper metal in the previous slide

Cell with normality of thiosulfate

Atomic weight of copper

Cell with the titration result

Cell with sample volume

Conversion factor metric 
to English



CHROMIUM SOLUTION 1 2 3 4 5 Standard
Chromic acid 0.00 22.10 35.40 44.25 36.30 36.00
Sulfate 0.00 0.20 0.40 0.28 0.30 0.30
Ratio 0 111 89 158 121 120

ADDITIONS
Tank volume, gallons 600 875 570 570 290
Chromic acid, lbs 1310 700 120 0 0
Sulfuric acid, fluid ounces 93 41 0 26 0
Barium carbonate, lbs 0 0 5 0 0
Projected balance after additions:
Chromic acid 34.93 34.90 38.77 44.25 36.30
Sulfate 0.29 0.29 0.33 0.36 0.30
Ratio 122 122 118 122 121

Chrome tank 1 2 3 4 5 ml N
Chromic acid 0.00 10.00 16.00 20.00 16.40 0.20 0.0996
Sulfate reading 0.00 0.20 0.40 0.28 0.30
Tank size 600 875 570 570 290
Addition Factor ######### 175 97 158 121

Chrome additions are tricky!
Chromic acid solutions must be fairly concentrated to maintain conductivity, but…

too much chrome reduces conductivity.
Excess sulfate requires removal by addition of barium carbonate, but…

the fine particulates can affect plating quality.



Calculating the chromic acid in the previous slide

Cell with normality of thiosulfate

Molecular weight of chromic acid

Cell with the titration result

Cell with sample volume

Conversion factor metric 
to English

=(J5*100*D5)/(7.5*I5*3)
Stoichiometry



ANODIZING SOLUTIONS Hardcoat Standard Tank  2 Tank  3 Standard
Total sulfuric acid, % by volume 19.40 17.74 19.65
Free sulfuric acid, % by volume 17.40 18.00% 14.39 15.76 15.00%
Dissolved aluminum, grams/liter 6.39 10.71 12.42 Max 11.0

Additions
Tank volume, gallons 500 500 500
Decant solution (gallons)? 0 0 370
Sulfuric acid, gallons 3 3 55

Anodizing solutions 1 2 3 N NaOH
Total acid 34.45 31.5 34.9 1.0163
Free acid 30.9 25.55 28
Tank size 500 500 500
Adjusted acid 17.40 14.39 4.10

Why decant?
Excess dissolved aluminum reduces the conductivity of an anodizing solution.
Decant enough to bring it down to a tolerable level, then restore acid content.



COPPER STRIKE SOLUTIONS 1 2 3 Standard
Copper 3.05 2.40 2.40 3.00
Copper cyanide 4.30 3.38 3.38 4.23
Free potassium cyanide 1.45 1.45 2.10 1.50
pH 10.37 10.27 10.24 10.00

ADDITI0NS 250 200 1250
Copper cyanide, lbs. 0 11 66
Potassium cyanide, lbs. 1 16 50

COPPERS 1 2 3

EDTA 6.35 5 5 ml N
Cyanide 4.25 4.25 6 1 0.0575
pH/OH 10.37 10.27 10.24 5 0.1014
Tank size 250 200 1250 10 0.9944
Add factor 1.45 0.21 0.86

Why the different cyanide additions?
Same cyanide in solution, different cyanide addition for 1 & 2
High cyanide in # 3 might cause plating problems.  Add copper cyanide

to reduce the free cyanide.

Addition factor… Again?



=IF(G78>$I78,0,($I78-G78)*F8/(16*0.71))

Calculating copper addition:

Cell with calculated copper result

Cell with the copper standard

Zero result IF copper is at standard

Conversion ounces to 
pounds

Convert copper metal 
to copper cyanide

Tank volume



=+(F79-((F84*17.6)/E8))

Calculating cyanide addition is a two-step process: 
The copper cyanide needs extra cyanide to dissolve.

Cell with calculated free cyanide result

Cyanide required to dissolve copper cyanide
Cell with calculated copper addition in pounds

Divided by the tank volume

Now, use this adjusted value of free cyanide to 
calculate the cyanide addition



In summary, we have covered…

Error propagation and differential effect

Importance of standardization

Four types of analyses

Cleaning glassware

Calculating results and additions
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