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Chapter 6 - Chemistry

Formulae
updated July 1999
Name Formula Description Molar
Mass or
Formula
Weight
Ammonium Citrate (NH,),HCH.O, Developer
Ammonium Dichromate | (NH,),Cr,O, Contrast Agent
Ammonium Ferric (NH,);Fe(C,0,);3H,0 Sensitizer 428.06
Oxalate
Citric Acid HOC(COOH)(CH,COOH),H,O0 | Clearing Agent
EDTA (HOCOCH,),NCH,CH,N Clearing Agent
(CH,COQH),
Ferric Oxalate Fe,(C,0,),6H,0 Sensitizer 483.84
Ferrous Oxalate Fe(C,0,) Exposed
Sensitizer
Hydrochloric Acid HCI Clearing Agent
Hydrogen Peroxide H,0O, Contrast Agent
Lithium Chloride LiCl Salt 42.39
Oxalic Acid HOCOCOOH2H,0 Sensitizer
Additive
Palladium Pd Nobel Metal
Palladium (I1) chloride PdCl, Metal Salt 177.31
Platinum Pt Nobel Metal
Phosphoric Acid H,PO4 Clearing Agent
Potassium Chloride KCl Salt 74.55
Potassium Chlorate KCIO, Contrast Agent
Potassium Oxalate KOCOCOOKH,O Developer
Potassium Dichromate K,Cr,0O, Contrast Agent
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Potassium meta-Bisulfite | K,S,0, Clearing Agent
Potassium K,PdCl, Double Metd 326.42
tetrachloropalladium (I1) Salt
Potassium K,PtCl, Double Metd 415.11
tetrachloroplatinum (11) Salt (red)
Potassium K,PCl, Undesirable
hexachloroplatinum (1V) Slightly Soluble

Double Metd

Salt (yellow)
Potassium Ferricyanide | K;Fe(CN), Sensitizer Testing

Agent and

clearing indicator
Sodium Chloride NaCl Salt 58.44
Sodium Sulfite Na,SO, Clearing Agent
Sodium Na,PdCl, Double Metd 294.19
tetrachloropalladium (11) Salt
Water (Distilled) H,O
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Process Equations
updated December 2000

DOP - Ferric Oxalate
POP - Ammonium Ferric Oxalate

The process equations help provide an expression of the chemical reactions and an expectation of
the materials necessary to provide for predicted outcomes. Unfortunately, the reactions and these
equations are not fully understood. Future research may provide better understanding and insight
asto the Pt/Pd process.

There are two primary processes to consider:
DOP - Deveop Out Process employing the sensitizer Ferric Oxalate
POP - Printing Out Process employing the sensitizer Ammonium Ferric Oxalate
Current understanding seemstoindicatethat themetal saltsbehave similarly and each sensitizer gets
to the same outcome by a different route.
The most useful information from the process equations for the process as described in this guide

aretheratios of metal saltsto sensitizer required. Theratios have been discerned empirically inthe
Empirical Verification of Process Equations.

Process Equations for Ferric Oxalate:

The sensitizer reactsto light, heat, or time as follows:
3Fe,(C,0,)3*6H,0 >exposure> 6Fe(C,0,)) + 3(C,0,)) + 6H,0

Themetalsarereleased by what isknown as Brewster's Reaction described by Berkeley's equation:
6Fe(C,0,)) + 3K,PtCl, => 2Fe,(C,0,)); + 2(FeCl;) + 6KCI + 3Pt

The same occurs for Palladium:

6Fe(C,0,)) + 3Na,PdCl, => 2Fe2(C,0,)), + 2(FeCl,) + 6NaCl + 3Pd

or

6Fe(C,0,)) + 3K,PdCl, => 2Fe2(C,0,)), + 2(FeCl,) + 6KCl + 3Pd
or

6Fe(C,0,)) + 3Li,PdCl, => 2Fe2(C,0,)), + 2(FeCl,) + 6LiCl + 3Pd
etc.

Every three Fe,(C,0,), will pair with three K,PtCl, or Na,PdCl, or K,PdCl, or Li,PdCl,, aratio
of one-to-one (1 metal salt for 1 sensitizer.)
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Process Equations for Ammonium Ferric Oxalate:
The sensitizer isthought to react generally as follows:
(NH,)3Fe(C C,0,);*3H,0 >exposure> Fe(C,0,), + 3(NH,) + 3H,0 + 2CO,

Some of the (C,0,) is changed into the 2CO, gas as suggested by Mike Ware.
For adescription of the reactions by Mike Ware dick here.

The basic process reaction for AFO with Lithium is thought to be:

3Fe(C,0,), + 3Li,PdCl, + 3(NH,) + 3H,0 =>
(NH4)3Fe(C,0,),#3H,0 + 2(FeCl,) + 6LiCl + 3Pd + 3(C,0,)

Or other metallic salts could be substituted.

Every three sensitizer molecules will pair with three metallic double salt molecules, a one-to-one
ratio (1 metal salt for 1 sensitizer.)
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Formulas for Ferric Oxalate Sensitizer Solutions
created May 2000, updated April 2005

In order to achieve accuracy and consistency, it isimportant to begin with an accurately formul ated
sensitizer to which the metal solution will be balanced.

Summaries of Various Studies

The Initial Comparison of FO Powders Study provided estimates for the concentration of Ferric
Oxalate (FO) in severa tested FO Powders.

The Verification of FO Powder Composition study used the work of Dick Stevens to relate the
percent concentration of Ferric Oxalate in a solution with its specific gravity. It wasfound that the
Stevens model and specific gravity information may not accurately relate to the concentration of
Ferric Oxalate. However good comparisons could be achieved by comparing the resulting prints.

Thelnitia Threshold Study for FO Solutions determined an optimized sensitizer solution ashaving
26% ferric oxalate when optimally coated onto Cranes Parchment paper (CP). Further studies
resulted in estimated purity and optimized sensitizer solutions as in the following table. It is
currently speculated that a 100% pure FO powder will have an optimal solution strength between
24% and 25%.

FO estimated purity optimized solution strength
assuming 100% pure

Ultra pure Vizcay powder 98% - 99.5% pure 25%

Artcraft powder* ~ 95% pure 26%

Bostic and Sullivan powder* 89% - 91% pure 27%

*mportant Note:
TheArtcraft and Bostic and Sullivan powderswerefrom batchesmadeinthe 1990s. Current
batches of these powders should have their threshold checked by making prints as per the
Relative Comparison study.

The study of the Oxalic Acid Concentration in the FO Sensitizer determined a benefit of having
Oxalic Acidin the sensitizer solution at a concentration between 2% and 5%.

The Clearing Study resulted in arecommendation for the addition of 0.04% EDTA (CAS: 60-00-4)
and about 3% Oxalic Acid to the sensitizer solution to facilitate efficient clearing.

This information has been built into the FO Sensitizer Formula Calculator. Use this calculator or
the Quick Formula Table to determine the formula for a FO based sensitizer solution.
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Optimized Formulas for Metal Solutions
updated December 2000

Wherethe optimizations comefrom isin figuring the ratios of metal to sensitizer needed to balance
the process equations. It can be demonstrated (see studies) that too little chemistry will adversely
affect print quality and too much chemistry will gounused and bewasted. Also thereismuch better
consistency of performance when interchanging solutions if those solutions are optimized.

To accomplish this balancing, the molar concentration of the sensitizer solution is calculated from
the percent val ue of the sol ution and themolar mass (formulaweight) of the material. Withthe mass
being conserved, using the process equation ratio, the molar massis cal culated for the metal double
salt (MDS). From the molar mass of the MDS is calculated the molar concentration, and then the
percent of the MDS solution. (For an explanation of molar concentration and percent see Making
a Percent Solution.)

The ratios for the process equations have been empirically verified to be 1:1.
The optimum solutions for the metal double salts (MDS) are calculated from the equation:

(% MDS solution)=(fw MDS)/(fw sensitizer)* (ratio)* (% sensitizer solution)

where,

fw = formulaweight or molar mass

ratio = (molar mass MDS)/(molar mass sensitizer) from the process equation

NOTE: The molar mass for various chemicals are listed in the section, Formulae.
For the palladium (Pd) double salts, each molar equivalent of Pd MDS is mixed from one molar
equivalent of PdCI2 and two molar equivalents of the appropriate alkali-chloride salt (salt). The
solution concentrations of PdCI2 and whichever salt are cdculated as follows.

(% PdCI2 solution) = 1* (fw PdCI2)/(fw sensitizer)* (ratio)* (% sensitizer solution)

(% salt solution) = 2* (fw salt)/(fw sensitizer)* (ratio)* (% sensitizer solution)

To begin calculations, a sensitizer and it’s solution strength are required. Keep in mind that there
isathreshold at which point the print has attained its threshold of maximum ability.

Ferric Oxalate (FO) has been traditionally mixed to asolution concentration of about 27%. Higher
concentrations of FO may be mixed with theaddition of EDTA to the sol ution as has been suggested
by John Melanson and Richard Sullivan. FO solutions as high as 32% have been made with the
addition of 4% EDTA(Na4). However, the higher concentrations along with the appropriate metal
solutions do not provide for any further improvement in the print; asthe threshold has been passed.
Working through the Threshold for DOP Solutions Study can determine the concentration at which
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point prints show no further improvements.

Ammonium Ferric Oxal ate (AFO) can readily be mixed to solution strengths of 60% but athreshold
is also encountered of the maximum amount of metal that can be placed into the coating such that
any additional amount will not result in a noticed benefit to the print. This threshold isalso a
function of the paper, coating efficiency, and technique. For the Crane's Parchment Business Card
Stock (AKA: Cover-90 or CP) this threshold has been found to be the amount produced with a
coating mixture based on a 35% solution of AFO as determined by the study Verification of
Optimized Formulas (Threshold for POP solutions).

A further consideration is the purity of the FO powder. Adjustments should be made to reflect the
accurate amount of FO involved. The FO Sensitizer Formula Calculator considers the purity of
various FO powdersbased on studiesidentified in the section, Formulasfor FO Sensitizer Solutions.
Some of the metal solutionswill not stay dissolved at typical |aboratory temperature and pressure,
so heating of the solutions may be required. An optional haf strength solution (which might not
require heating) can be calculated and used with the double Quasi Muti-Coating Method.
Notes: Instructions for mixing are included in the section Preparing the Stock Solutions.
Besuretolabel al solution bottleswith the particular strength sensitizer they are optimized
for as well as the name of the solution.

To determine the Senstizer Solution Formula use the FO Sensitizer Formula Calculator.

To determine the Metal Solution Formula use the Metal Solution Formula Calculator.

Both calculators require a JavaScript capable browser.

Or, use the Quick Formula Table below.

The following Quick Formula Table has been created for some specific situations. Note that the
25% sensitizer solution column should be used for most DOP situations. The FO amountsto weigh
out have been adjusted to account for the purity of the FO powder used. The sensitizer solution
percent numbers assume 100% pure FO. The studiesindicated that a 100% pure FO powder hasa
threshold sensitizer solution strength of 25%. The 26% and 27% solutions are provided if one
wishes stronger solutions with more metal. 1t is not recommended to use less than a 25% solution
strength FO. (Note: Evenif theactual threshold is suspected to be between 24% and 25%, the 25%
assures being at or past the threshold with the accuracies involved.)

For POP, 35% is the optimum solution strength for AFO.
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Quick Formula Table

Sensitizer Solution Strength — | ¥x 25% 26% 27% 35% 35%
Material grams to make 50 ml
98% FO powder 12.76 13.27 13.78
Ser%%zerl 95% FO powder | 13.16 13.68 14.21
90% FO powder 13.88 14.44 15.00
oxalic acid 1.00 1.00 1.00
EDTA 0.02 0.02 0.02
CAS: 60-00-4
Pt K, PtCl, 10.72 11.15 11.58
Pd? PdCl, 4.58 4.76 4.94
LiCl, 2.19 2.28 2.37
KCl, 3.85 4.01 4.16
NaCl, 3.02 3.14 3.26
I —_——
POP AFO 17.50 | half strength
Sensitizer | ammonium ferric oxalate solutions®
Pt K,PtCl, 16.97 8.49
Pd? PdCl, 71.25 3.63
LiCl, 347
KCl, 6.10 3.05
NaCl, 4.78

1) Only one FO is selected.
2) Only one of the saltsis mixed with the PdCl,. Li, K and Na salts can only be exchanged if

thelir relative weight ratios are maintained.

3) Solutions which are not completey dissolved at the ambient temperature must be heated in
ahot water bath to completely dissolve al material prior to each coating mixing operation.
Do not heat the platinum solution above 140°F. An alternative half strength formula (which
might not require heating) may be used with the double Quasi Muti-Coating Method.
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Making a Percent Solution

A convenient way to express the mixture of a soluble chemical completely dissolved in water isas
apercent solution. Thisisdone by weighing out adesired amount of dry chemical and adding water
to produce atotal given volume.

The following excellent description of solution preparation may be found at the link below.
"Preparation of Solutions for the Clinical Laboratory: A Tutorial"
authored by Kereem M. D. Marlow
http://www.utmem.edu/allied/Sol uti ons/Home.html

Do keep in mind that any material will only dissolve to a certain maximum percentage for agiven
temperature and pressure. Assuming adequate solubility, the following examples demonstrate how
to make apercent solution. (Errors assume using abalance of accuracy 0.01 gram for the solid and
aliquid measure accuracy of 0.05 ml.)

example A) To make a 20% solution, weigh 20 grams of soluble solid into a container, then add
water to make a total volume of 100 ml.

example B) To make 60 ml of a 10% solution, weigh 6.00 grams of the soluble solid into a
container, then water to make atotad volume of 60 ml.

Accuracy:
For smaller quantities, it is more accurate to sart with a stronger solution and dilute.

example C) To make 30 ml of a0.5% solution, make a 10% solution, then add 1.50 ml of the 10%
solution with 28.50 ml water.

30 ml of a0.5% solution would require0.15 grams. Weighed on ascale accurateto 0.01 grams, this
would have an error of +-6.67%. In example C, apipette accurate to .05 ml would produce an error
of +-3.33%.

It would be even more accurate to work with larger quantities:

example D) To make 30 ml of a0.5% solution, make a 10% solution, then make a dilution to 2%
and then usethat to dilute to 0.5%.

For example D, error to make 100 ml of a 10% solution is +-0.1%; error to then make 100 ml of a

2% solution is +-0.25%; error to then make 30 ml of a 0.5% solution is +-0.67%. Assuming
cumulative error, the total error would be +-1.02%.
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It isimportant to always label a bottle asto its contents and the % solution.

Weights and liguid measures and their symbols used in this document:

Liquid (volume) measure Weight measure
ml = milliliter g = gram

liter = 1000 ml

oz = ounce = 30ml

gad = galon =1280z
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Weighing Out Dry Chemicals

updated February 2001

General Information
for Coating Solutions
for Developers

Genera Information:

Dry chemicals must be accurately weighed in order to assure reliable and repeatable results. The
accuracy depends of the sensitivity of the process to that particular agpect and the amount being
prepared. The two procedures outlined below deal with small amounts (such as coating sol utions)
and large amounts (such as devel opers).

A scale capable of measuring .01 gramsshould be used for coating materidssincethe quantitiesare
typically inthe 1 - 10 gram range. This should dlow for aaccuracy of 1% or better.

The scale should have the ability to compensate for alarge tare (the weight of an empty bottle). A
good choiceis the Ohaus Centogram balance scale.

Note: If one has achoice of a powder or acrystal, they should consider using the crystal as this
will be lesslikely to get into the air and bl ow around the room.

PROCEDURE FOR WEIGHING COATING CHEMICALS:
The first time (optional):

v Balance the scale (empty, zero reading)
v Weigh the empty dropper bottle (complete with cap and dropper) and record asits weight.
Thisinformation may be convenient if theweight of the contentsneedsto be measured | ater.

In every case

Place a small funnel into the top of a dropper bottle.

Set the bottle with funnel onto the scale platform.

Balance the scale by adjusting its weights. (Thisisthe tare weight.)

Adjust the scale weights to add the weight to be measured minus one gram.

Scoop the dry chemical from its container with a CLEAN plastic spatula or spoon .

Add the chemical to the bottle until the balance just swingsover.

Adjust the scale weights to add the one gram left out earlier.

Add more chemical dowly until balanced, by tapping the spatula or spoon with afinger.

AN N N NN

Notes: Be careful not to not go past the balance point because the chemical should not be

6.11



returned to the stock bottle from the dropper bottle. If extraisto be removed, treat
it as a spill (see below). Also be careful and add slowly, if this is an additional
chemical to that already measured. The order of weighing and mixing the stock
solutions should befollowed asstated in thisguide since the chemicalsadded last are
the least likely to cause a problem if abit too muchisadded. Return any chemical
remaining on the spatula or spoon to its origind container.

Most scales give amore accurate measurement when they are moving slightly back
and forth around the balance mark.

v Tap the funnel to make sure all material has been delivered into the battle.
v At this point oneis ready to add the appropriate amount of another dry chemical or water.

SPILLS:

Do not return or use any chemical that has spilt. 1t may be contaminated and ruin the entire supply.
If alarge amount is spilt or valuable material is spilt, it can be placed into a separate storage bottle,
labeled, and used to make a solution. This solution should be tested first to seeif it works all right,
otherwise dispose of properly or recycle to a manufacturer. Do not mix this solution with normal
stock solutions.

NOTE: The platinum palladium processis an extremely sensitive process.
Any contamination should be avoided.

PROCEDURE FOR WEIGHING DEVELOPER CHEMICALS:

Place a cup (plastic or glass) large enough to contai n the chemical onto the scale platform.
Balance the scale by adjusting its weights. (Thisisthe tare weight.)

Adjust the scale weights to add the weight to be measured minus one gram.

Scoop the dry chemical from its container with a CLEAN plastic spatula or spoon .

Add the chemical to the cup until the balance just swings over.

Adjust the scale weights to add the one gram left out earlier.

Add more chemical slowly until balanced, by tapping the spatula or spoon on the handle
with afinger.

At thispoint oneisready to pour the chemical from the cup into alarge mouth bottle and add
the appropriate amount of water.

N SSSSNANASN
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Preparing the Stock Solutions Sensitizer Solutions

updated December 2000, note added 8/2001
Contrast Agents
Metal Solutions

In order to efficiently coat and process a print, stock solutions are | DEvelopers
prepared from the bulk materials. The information below indicates the Clearing Agents
item, the component chemicals (listed in the order mixed), their weights
or amount, and a procedure.

Water being of many qualities, the following notations have been chosen for this guide.

Water
H20

Tap water filtered to 0.5 micron
Distilled Water (by steam distillation)

Note: A convenient way to view the contentsof aamber bottleiswith asodium vapor lamp. Hold
the bottle infront of the light and the bottle will seem to beclear.

Descriptions of the chemicals can be found in the Chapter 4, Chemicals.

Sensitizer Solutions:

The formula depends on the actual amount of ferric oxalate in the sensitizer powder discussed in
the section on Sensitizer Formulas, the amount of Oxalic Acid from the Oxalic Acid Concentration
Study, and the amount of EDTA from the Clearing Study.

The resulting formulas may be produced with the Sensitizer Solution Formula Calculator. More
information on how an individual sensitizer effects the print can be found in the section Preparing
the Coating Solution.

Warning: Dust may be harmful; wear protective mask and clean up any spills.
Sensitizers typically have apH of 0.1 to 0.3 and may etch the skin of unprotected
hands; avoid contact.

NOTE (added 8/2001): Further study of the"bleeding" of metal during processing hasindicated that
too much EDTA seemsthe culprit. 1t isnow recommended that EDTA inthe sensitizer be kept to
asolution strength between 0.04% and 0.1%. The actual amount can vary with different papers, so
the smallest amount of EDTA to add to the sensitizer to assist with clearing should be determined
for each paper.
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Contrast Agents:
A few on the agents are listed here. More information on how individual contrast agents effect the
print can be found in the section Preparing the Coating Solution.

Warning: Powder of some contrast agents may present fire hazard; store properly and clean up
any spills.

Metal Solutions:

The strength of the metal salt solutions depend on the sensitizer solution used and are to be
determined by using the Metal Solution Formula Calculator. Some mixtures may be found in the
section on Optimized Formulas. Moreinformation on how individual metal salt solutions effect the
print can be found in the section Preparing the Coating Solution.

Warning: Dust may be harmful; wear protective mask and clean up any spills.

Developers:

Warning: Dust may be harmful; wear protective mask and clean up any spills.

Clearing Agents:
The agent and times for clearing should be found as necessary to pass the Clearing Test. More
information on how individual clearing agents effect the print can be found in the Clearing Study.

Warning: The following acid strengths may etch the skin of unprotected hands, keep

immersion time of hands limited and rinse hands in water immediately after
immersion.
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Solution Abbreviation 1 Chemical Component Amount | Directionsto Mix
SENSITIZER
DOP Sensitizer FO Ferric Oxalate **x*% | In Safe Light,
} . ers | Weighoutdry chemicalsinto bottle,
Oxdic Acid Add H,0 & Shake well every 4 hours,
EDTA (CAS 60—00-4) Kk kk Kk Should be di SSO'Ved in 24-36 -hOUI'S.
Do not use until completely dissolved.
H,O *x%x% | Do NOT use high heat nor microwave.
POP Sensitizer AFO Ammonium Ferric Oxalate | ***** | In SafeLight,
Weigh out dry chemicals into bottle,
Add H,O & Shake wel,
H,O *x#E% | Should sit for 24 hours before using.
Do NOT hea nor microwave.
CONTRAST AGENTS
Contrast Agent PC Potassium Chlorate =4 Make 15 ml of each of the solutions:
0.125%, 0.25%, 0.50%, 1.00%, 2.00%
H,O b with H,0 in 1 oz dropper bottles
Contrast Agent PD Potassium Dichromate <3 Make a 2.0% solution with H,O,
<internal control> then Make 15 ml of each of the follow solutions with
H,0 . H,O in 1 oz dropper bottles.
0.125%, 0.25%, 0.50%, 1.00%, 2.00%
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Contrast Agent Potassium Dichromate = Make a 10.0% solution with H,O,

<external control> . then mix with Potassium Oxalate devel oper to make
Potassium Oxalate = these solutions in 32 oz wide mouth bottles:
H,0 - 0.20%, 0.10%, 0.05%, 0.02%, 0.01%
Contrast Agent AD Ammonium Dichromate v Make a 3.0% solution with H,0,
then Make 15 ml of each of the solutionswithH,Oin 1
H.O - 0z dropper bottles:
? 0.125%, 0.25%, 0.50%, 1.00%, 2.00%, 3.00%
Contrast Agent Hydrogen Peroxide (3%) =3 Dilute as needed immediately before using.
H,O s

METAL DOUBLE SALT SOLUTIONS

Platinum solution Pt K,PtCl, ***xx% | Weigh out chemicalsinto bottle,
then add H20.
H,O *FFE* | Heat in awarm water bath (<1400F) and shake.
Palladium solutions | K, PdCl, ***xx% | Weigh out chemicalsinto bottle,
Li, L Licl | rres | thEnadd H,O.
or Na KCl,, LiCl,, or NaCl, Heat in awarm water bath (<140°F) and shake.
HZO *kkkk*
DEVELOPERS
Developer PO Potassium Oxalate 283 g | Warm H,O in hot water bath,
Put warm H,O into a 32 oz wide mouth bottle,
H,0 300z |Addthe Potassium Oxalate, and stir,

Ready to use when fully dissolved.
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CLEARING AGENTS

Clearing Agent Phosphoric Acid 20z Put 3 quartswater into a gallon bottle,
(ACS grade, 85%) Into 32 0z measuring cup put 30 oz water,
Add 2 oz acid to water in cup,
water 1gal. Add contents of cup towater in gal. bottle.
Clearing Agent Muriatic Acid (20% HCI) 30z Put 3 quartswater into a gallon bottle,
Into 32 0z measuring cup put 29 oz water,
water 1ga. Add 3 oz acid to water in cup,
Add contents of cup to water in gal. bottle.
Clearing Agent Citric Acid 20g | Add Citric Acid to water, stir until mixed.
water 1 litter
Clearing Agent EDTA(Na4) 20g | Add EDTA(Nad) to water,
. stir until mixed.
water 1 litter
Clearing Agent Sodium Sulfite 20g | Add Sodium Sulfite to weater,
i stir until mixed.
water 1 litter
Clearing Agent Sprint Fixer Remover lpart | Mix as per label instructions.
water 9 parts
Clearing Agent Sodium Bisulphate 209 Add Sodium Bisulfate to water, stir until mixed.
water 1 litter

**x** indicates to use data from the calculators or the Quick FormulaTable.

6.17



Modifying an Existing Solution Make Stronger
created August 1999, updated December 2000 M ake Weaker
It is advantageous to be able to modify a solution to a stronger or weaker
concentration. The reason for this may be to recycle solutions to updated
formulas or to fix incorrectly measured solutions. For a description of
solution preparation see Making a Percent Solution.
To make asolution STRONGER:
Example: to modify a 10% solution to be a 12% solution.
v M easure the volume of the existing solution.
Example: 50.0 ml
v Calculate how much material is present in the solution using the following equation:

(gramsin existing solution) = (% of existing solution) * (ml of existing solution)
Example: (5.00 g) = (0.10 g/ml) * (50.0 ml)
Note: The % is expressed as adecimal, such as 10% = 0.10

v Calculate how much material to add using the following equation.

(gramsto add) =

[(% of desired solution) * (ml of existing solution) * (1.10)] - (grams in existing solution)
Example: (1.60 g) =[(0.12 g/ml) * (50.0 ml) * (1.10)] - (5.00 g)

Note: The 1.10 factor is used to create a larger volume thus compensating for any error
caused by any increase in volume due to the material added. This factor should be
finein most instances. If the amount of material added is very substantial then this
factor may be increased throughout this procedure. This factor may also be
increased to produce alarger volume of the desired solution.

Weigh out material. (see section on Weighing Out Dry Chemicals)

Add material into the solution.

Mix and wait for all material to be completely dissolved (warming if necessary.)

AN N R

Add H20 to bring the volume to 1.10 times the original volume and mix.
Example: Makes 55.0 ml final 12% solution for the factor of 1.10
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The concentration of the solution is now that desired with a volume of 10% more.

To make a solution WEAKER:

Example: to modify a 10% solution to be an 8% solution.
v Measure the volume of the existing solution.

Example: 50.0 ml

v Calculate how much material is present in the solution using the following equation.
(gramsin existing solution) = (% of existing solution) * (ml of existing solution)

Example: (5.00 g) = (0.20 g/ml) * (50.0 ml)
Note: The % is expressed as adecimal, such as 10% = 0.10
v Calculate how much H20 to add using the following equation.
(ml H20 to add) =
[(grams in existing solution) / (% of desired solution)] - (ml of existing solution)
Example: (12.5ml) =[(5.00 g)/ (0.08 g/ml)] - (50.0 ml)
Note: Since no solid materid is being added, thereisno offset in volume.
v Measure out the volume of H20 to add.

Ve Add H20 to the solution.

The concentration of the solution is now that desired.
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