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Plating solutiors mug be routinely analyzel in orde to maintan the recommendé bath
formulation and to preemp the occurrene of problens related to imprope levels of bath
constituentsContaminan levels in the solutiors mug also be monitored Manufactures of
plating systens establi§ optimum specificatiors to ensue maximum solution efficiency and
uniformity of deposits The various factors tha cau® the concentratios of bah constituents
to deviae from their optimum values are as follows:

. drag-out;

. solution evaporation;

. chemicé decompositionand

. unequé anock ard cathoe efficiencies.
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A currert efficiency problem is recognize by gradué but continuows changs in pH,
metd contenf or cyanice contert (see Table I).

The technique employel for the quantitative analyss of plating solutiors are classified
as volumetrc (titrimetric), gravimetric and instrumental Volumetric and gravimetric
method are also known as “wet” methods The analys mug sele¢ the methal tha is best
suited and mog cog effective for a particula application.

The wet method outlined here are simple accurateand rapid enoudn for practicaly all
plating proces control They require only the comma analyticd equipmen found in the
laboratory ard the instructiors are sufficiently detailel for an averag technicia to follow
without ary difficulty. The determinatia of smal amouns of impurities and uncommon

Table |. Problems Causal by Unequd Anode and
Cathode Efficiencies

Problem Cause

High pH High anock efficiency
Low pH High cathoe efficiency
High metd content High anock efficiency
Low metd content High cathoe efficiency
High free cyanide Low anock efficiency

Low free cyanide High anock efficiency




metals should be referred to a competent laboratory, as a high degree of skill and chemi
knowledge are required for the determination of these constituents.

Hull cell testing (see the section on plating cells elsewhere inGhisebook enables the
operator to observe the quality of a deposit over a wide current density range.

VOLUMETRIC METHODS

When titrants composed of standard solutions are added to a sample that contains
component whose concentration is to be quantitatively determined, the method is referred
as a volumetric method. The component to be determined must react completely with tt
titrant in stoichiometric proportions. From the volume of titrant required, the component’s
concentration is calculated. The simplicity, quickness, and relatively low cost of volumetric
methods make them the most widely used for the analysis of plating and related solution:

Volumetric methods involve reactions of several types: oxidation-reduction, acid-base
complexation, and precipitation. Indicators are auxiliary reagents, which usually signify th
endpoint of the analysis. The endpoint can be indicated by a color change, formation of
turbid solution, or the solubilization of a turbid solution.

Some volumetric methods require little sample preparation, whereas others may requi
extensive preparation. Accuracy decreases for volumetric analyses of components found
low concentrations, as endpoints are not as easily observed as with the components founc
high concentrations.

Volumetric methods are limited in that several conditions must be satisfied. Indicator:
should be available to signal the endpoint of the titration. The component-titrant reactio
should not be affected by interferences from other substances found in the solution.

GRAVIMETRIC METHODS

In gravimetric methods, the component being determined is separated from othe
components of the sample by precipitation, volatilization, or electroanalytical means
Precipitation methods are the most important gravimetric methods. The precipitate is usua
a very slightly soluble compound of high purity that contains the component. The weight o
the precipitate is determined after it is filtered from solution, washed, and dried. Gravimetri
methods are used to supplement the available volumetric methods.

Limitations of gravimetric methods include the requirement that the precipitated
component has an extremely low solubility. The precipitate must also be of high purity ani
be easily filterable.

Species that are analyzed gravimetrically include chloride, sulfate, carbonate, phospha
gold, and silver.

INSTRUMENTAL METHODS

Instrumental methods differ from wet methods in that they measure a physical propert
related to the composition of a substance, whereas wet methods rely on chemical reactio
The selection of an instrument for the analysis of plating solutions is a difficult task. Analyst:
must decide if the cost is justified and if the analytical instrument is capable of analyzing fo
the required substances with a high degree of accuracy and precision. Instruments couplec
computers can automatically sample, analyze, and record results. Mathematical errors :
minimized and sample measurements are more reproducible than with wet methoc
Instrumental methods are also extremely rapid when compared with wet methods.

Unlike humans, instruments cannot judge. They cannot recognize improper samp
preparation or interfering substances. Erroneous results are sometimes produced by electr
and mechanical malfunctions.



Analytical instruments frequently used in the analysis of plating solutions can be
categorized as spectroscopic, photometric, chromatographic, and electroanalytical. Spectro-
scopic methods (flame photometry, emission spectrometry, X-ray fluorescence, mass spec-
trometry, and inductively coupled plasma) are based on the emission of light. Photometric
methods (spectrophotometry, colorimetry, and atomic absorption) are based on the absorption
of light. Chromatographic methods (ion chromatography) involve the separation of substances
for subsequent identification. Electroanalytical methods (potentiometry, conductometry,
polarography, amperometry, and electrogravimetry) involve an electric current in the course
of the analysis.

The instrumental methods, comprehensively reviewed below, are most applicable to
plating environments.

SPECTROSCOPIC METHODS

Spectroscopy is the analysis of a substance by the measurement of emitted light. When
heat, electrical energy, or radiant energy is added to an atom, the atom becomes excited and
emits light. Excitation can be caused by a flame, spark, X-rays, or an AC or DC arc. The
electrons in the atom are activated from their ground state to unstable energy shells of higher
potential energy. Upon returning to their ground state, energy is released in the form of
electromagnetic radiation.

Because each element contains atoms with different arrangements of outermost elec-
trons, a distinct set of wavelengths is obtained. These wavelengths, from atoms of several
elements, are separated by a monochromator such as a prism or a diffraction grating.
Detection of the wavelengths can be accomplished photographically (spectrograph) or via
direct-reading photoelectric detectors (spectrophotometers). The measurement of intensity
emitted at a particular wavelength is proportional to the concentration of the element being
analyzed.

An advantage of spectroscopy is that the method is specific for the element being
analyzed. It permits quantitative analysis of trace elements without any preliminary treatment
and without prior knowledge as to the presence of the element. Most metals and some
nonmetals may be analyzed. Spectroscopic analysis is also useful for repetitive analytical
work.

Disadvantages of spectroscopic analysis include the temperature dependence of intensity
measurements, as intensity is very sensitive to small fluctuations in temperature. The accuracy
and precision of spectrographic methods is not as high as some spectrophotometric methods
or wet analyses. Spectrographic methods are usually limited to maximum element concen-
trations of 3%. Additionally, sensitivity is much smaller for elements of high energy (e.g.,
zinc) than for elements of low energy (e.g., sodium).

Applications of spectroscopy include the analysis of major constituents and impurities in
plating solutions, and of alloy deposits for composition.

Flame Photometry

In flame photometry (FP), a sample in solution is atomized at constant air pressure and
introduced in its entirety into a flame as a fine mist. The temperature of the flame
(1,800-3,100°K) is kept constant. The solvent is evaporated and the solid is vaporized and
then dissociated into ground state atoms. The valence electrons of the ground state atoms are
excited by the energy of the flame to higher energy levels and then fall back to the ground
state. The intensities of the emitted spectrum lines are determined in the spectrograph or
measured directly by a spectrophotometer.

The flame photometer is calibrated with standards of known composition and concen-
tration. The intensity of a given spectral line of an unknown can then be correlated with the
amount of an element present that emits the specific radiation.



Physical interferences may occur from solute or solvent effects on the rate of transport
of the sample into the flame. Spectral interferences are caused by adjacent line emissions
when the element being analyzed has nearly the same wavelength as another element.
Monochromators or the selection of other spectral lines minimize this interference. lonization
interferences may occur with the higher temperature flames. By adding a second ionizable
element, the interferences due to the ionization of the element being determined are
minimized.

An advantage of FP is that the temperature of the flame can be kept more nearly constant
than with electric sources. A disadvantage of the method is that the sensitivity of the flame
source is many times smaller than that of an electric arc or spark.

FP is used for the analysis of aluminum, boron, cadmium, calcium, chromium, cobalt,
copper, indium, iron, lead, lithium, magnesium, nickel, palladium, platinum, potassium,
rhodium, ruthenium, silver, sodium, strontium, tin, and zinc.

Emission Spectrometry

In emission spectrometry (ES), a sample composed of a solid, cast metal or solution is
excited by an electric discharge such as an AC arc, a DC arc, or a spark. The sample is usually
placed in the cavity of a lower graphite electrode, which is made positive. The upper
counterelectrode is another graphite electrode ground to a point. Graphite is the preferred
electrode material because of its ability to withstand the high electric discharge temperatures.
It is also a good electrical conductor and does not generate its own spectral lines.

The arc is started by touching the two graphite electrodes and then separating them. The
extremely high temperatures (4,000-6,000°K) produce emitted radiation higher in energy and
in the number of spectral lines than in flame photometry. Characteristic wavelengths from
atoms of several elements are separated by a monochromator and are detected by spectro-
graphs or spectrophotometers. Qualitative identification is performed by using available
charts and tables to identify the spectral lines that the emission spectrometer sorts out
according to their wavelength. The elements present in a sample can also be qualitatively
determined by comparing the spectrum of an unknown with that of pure samples of the
elements. The density of the wavelengths is proportional to the concentration of the element
being determined. Calibrations are done against standard samples.

ES is a useful method for the analysis of trace metallic contaminants in plating baths. The
“oxide” method is a common quantitative technique in ES. A sample of the plating bath is
evaporated to dryness and then heated in a muffle furnace. The resultant oxides are mixed
with graphite and placed in a graphite electrode. Standards are similarly prepared and a DC
arc is used to excite the sample and standards.

X-ray Fluorescence

X-ray fluorescence (XRF) spectroscopy is based on the excitation of samples by an
X-ray source of sufficiently high energy, resulting in the emission of fluorescent radiation.
The concentration of the element being determined is proportional to the intensity of its
characteristic wavelength. A typical XRF spectrometer consists of an X-ray source, a detector,
and a data analyzer.

Advantages of XRF include the nondestructive nature of the X-rays on the sample. XRF
is useful in measuring the major constituents of plating baths such as cadmium, chromium,
cobalt, gold, nickel, silver, tin, and zinc. Disadvantages of XRF include its lack of sensitivity
as compared with ES.

X-ray spectroscopy is also used to measure the thickness of a plated deposit. The X-ray
detector is placed on the wavelength of the element being measured. The surface of the
deposit is exposed to an X-ray source and the intensity of the element wavelength is measured.
A calibration curve is constructed for intensity against thickness for a particular deposit.
Coating compositions can also be determined by XRF.



Mass Spectrometry

In mass spectrometry (MS), gases or vapors derived from liquids or solids are bombardt
by a beam of electrons in an ionization chamber, causing ionization and a rupture of chemic
bonds. Charged particles are formed, which may be composed of elements, molecules,
fragments. Electric and magnetic fields then separate the ions according to their mass
charge ratiosrti/e). The amount and type of fragments produced in an ionization chamber, fol
a particular energy of the bombarding beam, are characteristic of the molecule; therefor
every chemical compound has a distinct mass spectrum. By establishing a mass spectrun
several pure compounds, an observed pattern allows identification and analysis of compl
mixtures.

The mass spectrum of a compound contains the masses of the ion fragments and
relative abundances of these ions plus the parent ion. Dissociation fragments will alwa)
occur in the same relative abundance for a particular compound.

MS is applicable to all substances that have a sufficiently high vapor pressure. Thi
usually includes substances whose boiling point is below 450°C. MS permits qualitative an
quantitative analysis of liquids, solids, and gases.

Inductively Coupled Plasma

Inductively coupled plasma (ICP) involves the aspiration of a sample in a stream o
argon gas, and then its ionization by an applied radio frequency field. The field is inductivel
coupled to the ionized gas by a coil surrounding a quartz torch that supports and encloses
plasma. The sample aerosol is heated in the plasma, the molecules become almost comple
dissociated and then the atoms present in the sample emit light at their characteris
frequencies. The light passes through a monochromator and onto a detector.

The high temperature (7,000°K) of the argon plasma gas produces efficient atom
emission and permits low detection limits for many elements. As with atomic absorptior
(AA), ICP does not distinguish between oxidation states (e.¢.} @nd CF") of the same
element—the total element present is determined. Advantages of ICP include comple
ionization and no matrix interferences as in AA. ICP allows simultaneous analysis of man
elements in a short time. It is sensitive to part-per-billion levels.

Disadvantages of ICP include its high cost and its intolerance to samples with greats
than 3% dissolved solids. Background corrections usually compensate for interferences due
background radiation from other elements and the plasma gases. Physical interferences,
to viscosity or surface tension, can cause significant errors. These errors are reduced
diluting the sample. Although chemical interferences are insignificant in the ICP method, the
can be greatly minimized by careful selection of the instrument’s operating conditions, b
matrix matching, or by buffering the sample.

ICP is applicable to the analysis of major components and trace contaminants in platir
solutions. It is also useful for waste-treatment analysis.

PHOTOMETRIC METHODS

Photometric methods are based on the absorption of ultraviolet (200—400 nm) or visibl
(400-1,000 nm) radiant energy by a species in solution. The amount of energy absorbed
proportional to the concentration of the absorbing species in solution. Absorption i
determined spectrophotometrically or colorimetrically.

The sensitivity and accuracy of photometric methods must be frequently checked kb
testing standard solutions in order to detect electrical, optical, or mechanical malfunctions
the analytical instrument.



Spectrophotometry and Colorimetry

Spectrophotometrnjnvolves analysis by the measurement of the light absorbed by a
solution. The absorbance is proportional to the concentration of the analyte in solution.
Spectrophotometric methods are most often used for the analysis of metals with concentra-
tions of up to 2%.

Spectrophotometers consist of a light source (tungsten or hydrogen), a monochromator,
a sample holder, and a detector. Ultraviolet or visible light of a definite wavelength is used
as the light source. Detectors are photoelectric cells that measure the transmitted (unabsorbed)
light. Spectrophotometers differ from photometers in that they utilize monochromators,
whereas photometers use filters to isolate the desired wavelength region. Filters isolate a
wider band of light.

In spectrophotometric titrations, the cell containing the analyte solution is placed in the
light path of a spectrophotometer. Titrant is added to the cell with stirring, and the absorbance
is measured. The endpoint is determined graphically. Applications of this titration include the
analysis of a mixture of arsenic and antimony and the analysis of copper with ethylene
diamine tetra acetic acid (EDTA).

The possibility of errors in spectrophotometric analyses is increased when numerous
dilutions are required for an analysis.

Colorimetry involves comparing the color produced by an unknown quantity of a
substance with the color produced by a standard containing a known quantity of that
substance. When monochromatic light passes through the colored solution, a certain amount
of the light, proportional to the concentration of the substance, will be absorbed. Substances
that are colorless or only slightly colored can be rendered highly colored by a reaction with
special reagents.

In the standard series colorimetric method, the analyte solution is diluted to a certain
volume (usually 50 or 100 ml) in a Nessler tube and mixed. The color of the solution is
compared with a series of standards similarly prepared. The concentration of the analyte
equals the concentration of the standard solution whose color it matches exactly. Colors can
also be compared to standards via a colorimeter (photometer), comparator, or spectropho-
tometer.

The possible errors in colorimetric measurements may arise from the following sources:
turbidity, sensitivity of the eye or color blindness, dilutions, photometer filters, chemical
interferences, and variations in temperature or pH.

Photometric methods are available for the analysis of the following analytes:

Anodizing solutions: Fe, Cu, Mn

Brass solutions: Fe

Cadmium solutions: Fe, Ti, Zn, Cu, Ni
Chromium solutions: Cr, Fe, Ni, Cu, Se
Acid copper solutions: Cl, Fe

Alkaline copper solutions: Fe, Se

Gold solutions: Au, Ni, In, Co, Cu, Fe, RO
Iron solutions: Mn, NH

Lead and tin-lead solutions: Pb

Nickel solutions: Cr, Cu, Zn, Fe, Co, NH
Palladium solutions: Pd, Cr, NH
Platinum solutions: Pt

Rhodium solutions: Rh

Silver solutions: Ni, Cu, Sb

Acid tin solutions: Fe, Cu

Alkaline tin solutions: Cu, Pb, Zn



Acid zinc solutions: Cu, Fe
Alkaline zinc solutions: Cu, Fe
Wastewater: &, Ni, Cu, Fe, Zn, Pb, Al, B, N@ NO,, PQ,, Cl, CN, wetting agents.

Atomic Absorption

Metals in plating and related solutions can be readily determined by AA spectropho-
tometry. Optimum ranges, detection limits, and sensitivities of metals vary with the various
available instruments.

In direct-aspiration atomic absorptio(DAAA) analysis, the flame (usually air-
acetylene or nitrous oxide-acetylene) converts the sample aerosol into atomic vapor, which
absorbs radiation from a light source. A light source from a hollow cathode lamp or an
electrodeless discharge lamp is used, which emits a spectrum specific to the element being
determined. The high cost of these lamps is a disadvantage of the AA method. A detector
measures the light intensity to give a quantitative determination.

DAAA is similar to flame photometry in that a sample is aspirated into a flame and
atomized. The difference between the two methods is that flame photometry measures the
amount of emitted light, whereas DAAA measures the amount of light absorbed by the
atomized element in the flame. In DAAA, the number of atoms in the ground state is much
greater than the number of atoms in any of the excited states of the spectroscopic methods.
Consequently, DAAA is more efficient and has better detection limits than the spectroscopic
methods.

Spectral interferences occur when a wavelength of an element being analyzed is close to
that of an interfering element. The analysis will result in an erroneously high measurement.
To compensate for this interference, an alternate wavelength or smaller slit width is used.

When the physical properties (e.g., viscosity) of a sample differ from those of the
standard, matrix interferences occur. Absorption can be enhanced or suppressed. To overcome
these interferences, matrix components in the sample and standard are matched or a release
agent, such as EDTA or lanthanum, is added.

Chemical interferences are the most common interferences encountered in AA analysis.
They result from the nonabsorption of molecularly bound atoms in the flame. These
interferences are minimized by using a nitrous oxide-acetylene flame instead of an
air-acetylene flame to obtain the higher flame temperature needed to dissociate the molecule
or by adding a specific substance (e.g., lanthanum) to render the interferant harmless.
Chemical interferences can also be overcome by extracting the element being determined or
by extracting the interferant from the sample.

The sensitivity and detection limits in AA methods vary with the instrument used, the
nature of the matrix, the type of element being analyzed, and the particular AA technique
chosen. It is best to use concentrations of standards and samples within the optimum
concentration range of the AA instrument. When DAAA provides inadequate sensitivity,
other specialized AA methods, such as graphite furnace AA, cold vapor AA, or hydride AA,
are used.

In graphite furnace AXGFAA), the flame that is used in DAAA is replaced with an
electrically heated graphite furnace. A solution of the analyte is placed in a graphite tube in
the furnace, evaporated to dryness, charred, and atomized. The metal atoms being analyzed
are propelled into the path of the radiation beam by increasing the temperature of the furnace
and causing the sample to be volatilized. Only very small amounts of sample are required for
the analysis.

GFAA is a very sensitive technique and permits very low detection limits. The increased
sensitivity is due to the much greater occupancy time of the ground state atoms in the optical
path as compared with DAAA. Increased sensitivity can also be obtained by using larger
sample volumes or by using an argon-hydrogen purge gas mixture instead of nitrogen.
Because of its extreme sensitivity, determining the optimum heating times, temperature, and
matrix modifiers is necessary to overcome possible interferences.



Interferences may occur in GFAA analysis due to molecular absorption and chemic:
effects. Background corrections compensate for the molecular absorption interferenc
Specially coated graphite tubes minimize its interaction with some elements. Gradual heati
helps to decrease background interference, and permits determination of samples w
complex mixtures of matrix components.

The GFAA method has been applied to the analysis of aluminum, antimony, arsenit
barium, beryllium, cadmium, chromium, cobalt, copper, iron, lead, manganese, molybdenur
nickel, selenium, silver, and tin.

Cold vapor atomic absorptioflCVAA) involves the chemical reduction of mercury or
selenium by stannous chloride and its subsequent analysis. The reduced solution is vigorou
stirred in the reaction vessel to obtain an equilibrium between the element in the liquid an
vapor phases. The vapor is then purged into an absorption cell located in the light path of
spectrophotometer. The resultant absorbance peak is recorded on a strip chart recorder.

The extremely sensitive CVAA procedure is subject to interferences from some organic
sulfur compounds, and chlorine. Metallic ions (e.g., gold, selenium), which are reduced to tt
elemental state by stannous chloride, produce interferences if they combine with mercury

Hydride atomic absorption(HAA) is based on chemical reduction with sodium
borohydride to selectively separate hydride-forming elements from a sample. The gasec
hydride that is generated is collected in a reservoir attached to a generation flask, and is tf
purged by a stream of argon or nitrogen into an argon-hydrogen-air flame. This permit
high-sensitivity determinations of antimony, arsenic, bismuth, germanium, selenium, tellu
rium, and tin.

The HAA technique is sensitive to interferences from easily reduced metals such &
silver, copper, and mercury. Interferences also arise from transition metals in concentratio
greater than 200 mg/L and from oxides of nitrogen.

lon Chromatography

In ion chromatography (IC), analytes are separated with an eluent on a chromatograpt
column based on their ionic charges. Because plating solutions are water based, the solu
components must be polar or ionic; therefore, IC is applicable to the analysis of plating an
related solutions.

lon chromatographs consist of a sample delivery system, a chromatographic separati
column, a detection system, and a data handling system.

IC permits the rapid sequential analysis of multiple analytes in one sample. The variot
detectors available, such as UV-visible, electrochemical, or conductivity, allow for specific
detection in the presence of other analytes. IC is suitable for the analysis of metals, anior
and cationic inorganic bath constituents, and various organic plating bath additives. It is als
used for continuous on-line operations.

Interferences arise from substances that have retention times coinciding with that of ar
anion being analyzed. A high concentration of a particular ion may interfere with the
resolution of other ions. These interferences can be greatly minimized by gradient elution
sample dilution.

IC has been applied to the analysis of the following analytes in plating and relatec
solutions:

Metals: Aluminum, barium, cadmium, calcium, trivalent and hexavalent chromium,
cobalt, copper, gold, iron, lead, lithium, magnesium, nickel, palladium, platinum, silver, tin,
zinc.

lons: Ammonium, bromide, carbonate, chloride, cyanide, fluoborate, fluoride, hypophos:
phite, nitrate, nitrite, phosphate, potassium, sodium, sulfate, sulfide, sulfite.

Acid Mixtures:Hydrofluoric, nitric, and acetic acids.

Organics: Brighteners, surfactants, organic acids.



ELECTROANALYTICAL METHODS

Electroanalytical methods involve the use of one or more of three electrical
quantities—current, voltage, and resistance. These methods are useful when indicators for a
titration are unavailable or unsuitable. Although trace analysis may be done quite well by
spectroscopic or photometric methods, electroanalytical methods offer ease of operation and
relatively lower costs of purchase and maintenance.

Potentiometry

Potentiometry involves an electrode that responds to the activity of a particular group of
ions in solution. Potentiometric methods correlate the activity of an ion with its concentration
in solution.

In potentiometric titrations, titrant is added to a solution and the potential between an
indicator and reference electrode is measured. The reaction must involve the addition or
removal of an ion for which an electrode is available. Acid-base titrations are performed with
a glass indicator electrode and a calomel reference electrode. The endpoint corresponds to the
maximum rate of change of potential per unit volume of titrant added.

Advantages of potentiometric titrations include its applicability to colored, turbid, or
fluorescent solutions. It is also useful in situations where indicators are unavailable.

The sensitivity of potentiometric titrations is limited by the accuracy of the measurement
of electrode potentials at low concentrations. Solutions that are more dilute thanNLO
cannot be accurately titrated potentiometrically. This is because the experimentally measured
electrode potential is a combined potential, which may differ appreciably from the true
electrode potential. The difference between the true and experimental electrode potentials is
due to the residual current, which arises from the presence of electroactive trace impurities.

The direct potentiometric measurement of single ion concentrations is done with ion
selective electrodes (ISEs). The ISE develops an electric potential in response to the activity
of the ion for which the electrode is specific. ISEs are available for measuring calcium,
copper, lead, cadmium, ammonia, bromide, nitrate, cyanide, sulfate, chloride, fluoride, and
other cations and anions.

Cation ISEs encounter interferences from other cations, and anion ISEs encounter
interferences from other anions. These interferences can be eliminated by adjusting the sample
pH or by chelating the interfering ions. ISE instructions must be reviewed carefully to
determine the maximum allowable levels of interferants, the upper limit of the single ion
concentration for the ISE, and the type of media compatible with the particular ISE.

Some of the solutions that can be analyzed by potentiometric methods are:

Anodizing solutions: Al, HSO,, C,H,0,, CrO;, CI
Brass solutions: Cu, Zn, NHCO;

Bronze solutions: Cu, Sn, NaOH, NaCN, J&D,
Chromium solutions: Cr, Cl

Cadmium solutions: Cd, NaOH, NaCN, MzO;
Acid copper solutions: Cl

Alkaline copper solutions: NaOH, NaCN, MO,
Gold solutions: Au, Ag, Ni, Cu

Lead and tin/lead solutions: Pb, Sn, HBF
Nickel solutions: Co, Cu, Zn, Cd, CI, B8O,
Silver solutions: Ag, Sb, Ni

Acid tin solutions: Sn, HBE, H,SO,

Alkaline tin solutions: Sn, NaOH, NaCQCI
Zinc solutions: Zn



Conductometry

Electrolytic conductivity measures a solution’s ability to carry an electric current. A
current is produced by applying a potential between two inert metallic electrodes (e.g.,
platinum) inserted into the solution being tested. When other variables are held constant,
changes in the concentration of an electrolyte result in changes in the conductance of electric
current by a solution.

In conductometric titrations, the endpoint of the titration is obtained from a plot of
conductance against the volume of titrant. Excessive amounts of extraneous foreign
electrolytes can adversely affect the accuracy of a conductometric titration.

Conductometric methods are used when wet or potentiometric methods give inaccurate
results due to increased solubility (in precipitation reactions) or hydrolysis at the equivalence
point. The methods are accurate in both dilute and concentrated solutions, and they can also
be used with colored solutions.

Conductometric methods have been applied to the analysis of Cr, Cd, Co, Fe, Ni, Pb, Ag,
Zn, CQ;, CI, F, and SQ.

Polarography

In polarography, varying voltage is applied to a cell consisting of a large mercury anode
(reference electrode) and a small mercury cathode (indicator electrode) known as a dropping
mercury electrode (DME). Consequent changes in current are measured. The large area of the
mercury anode precludes any polarization. The DME consists of a mercury reservoir attached
to a glass capillary tube with small mercury drops falling slowly from the opening of the tube.

A saturated calomel electrode is sometimes used as the reference electrode.

The electrolyte in the cell consists of a dilute solution of the species being determined in
a medium of supporting electrolyte. The supporting electrolyte functions to carry the current
in order to raise the conductivity of the solution. This ensures that if the species to be
determined is charged, it will not migrate to the DME. Bubbling an inert gas, such as nitrogen
or hydrogen, through the solution prior to running a polarogram, will expel dissolved oxygen
in order to prevent the dissolved oxygen from appearing on the polarogram.

Reducible ions diffuse to the DME. As the applied voltage increases, negligible current
flow results until the decomposition potential is reached for the metal ion being determined.
When the ions are reduced at the same rate as they diffuse to the DME, no further increases
in current occur, as the current is limited by the diffusion rate. The half-wave potential is the
potential at which the current is 50% of the limiting value.

Polarograms are obtained by the measurement of current as a function of applied
potential. Half-wave potentials are characteristic of particular substances under specified
conditions. The limiting current is proportional to the concentration of the substance being
reduced. Substances can be analyzed quantitatively and qualitatively if they are capable of
undergoing anodic oxidation or cathodic reduction. As with other instrumental methods,
results are referred to standards in order to quantitate the method.

Advantages of polarographic methods include their ability to permit simultaneous
qualitative and quantitative determinations of two or more analytes in the same solution.
Polarography has wide applicability to inorganic, organic, ionic, or molecular species.

Disadvantages of polarography include the interferences caused by large concentrations
of electropositive metals in the determination of low concentrations of electronegative metals.
The very narrow capillary of the DME occasionally becomes clogged.

Polarographic methods are available for the following solutions:

Anodizing solutions: Cu, Zn, Mn

Brass solutions: Pb, Cd, Cu, Ni, Zn
Bronze solutions: Pb, Zn, Al, Cu, Ni
Cadmium solutions: Cu, Pb, Zn, Ni



Table Il. Reactions That Can Be Analyzed by Amperometry

Analyte Titrant Supporting Electrolyte
Fluoride Lead nitrate Potassium chloride
Gold Hydroquinone Sulfuric acid

Nickel Dimethylglyoxime Chloride

Lead Sodium fluoride Chloride

Bromide Silver nitrate Nitric acid

Calcium EDTA Ammonia

Cadmium EDTA Ammonia

Chloride Silver nitrate Nitric acid

Indium EDTA Weak acid

EDTA, ethylene diamine tetra acetic acid.

Chromium solutions: Cu, Ni, Zn, Cl, SO

Acid copper solutions: Cu, ClI

Alkaline copper solutions: Zn, Fe, Pb, Cu

Gold solutions: Au, Cu, Ni, Zn, In, Co, Cd

Iron solutions: Mn

Lead and tin-lead solutions: Cu, Cd, Ni, Zn, Sb
Nickel solutions: Cu, Pb, Zn, Cd, Na, Co, Cr, Mn
Palladium solutions: Pd, &, Cr®*

Rhodium solutions: Rh

Silver solutions: Sh, Cu, Cd

Acid tin solutions: SA*, Cu, Ni, Zn

Alkaline tin solutions: Pb, Cd, Zn, Cu

Acid zinc solutions: Cu, Fe, Pb, Cd

Alkaline zinc solutions: Pb, Cd, Cu
Wastewater: Cd, Cu, €f, Ni, Sn, Zn

Amperometry

Amperometric titrations involve the use of polarography as the basis of an electrometri
titration. Voltage applied across the indicator electrode (e.g., DME or platinum) and referenc
electrode (e.g., calomel or mercury) is held constant and the current passing through the c
is measured as a function of titrant volume added. The endpoint of the titration is determine
from the intersection of the two straight lines in a plot of current against volume of titrant

added. Polarograms are run to determine the optimum titration voltage.

Amperometric titrations can be carried out at low analyte concentrations at whict
volumetric or potentiometric methods cannot yield accurate results. They are temperatu
independent and more accurate than polarographic methods. Although amperometry is use
for oxidation-reduction or precipitation reactions, few acid-base reactions are determined |

this method.

Some of the reactions that can be analyzed by amperometric methods are given

Table II.

Electrogravimetry

In electrogravimetry, the substance to be determined is separated at a fixed potential
a preweighed inert cathode, which is then washed, dried, and weighed. Requirements for
accurate electrogravimetric analysis include good agitation, smooth adherent deposits, &

proper pH, temperature, and current density.



Table Ill. Molarities and Normalities of Standard Solutions

Standard Solution Formula Normality Molarity
EDTA C10H140gN,Na,-2H,0 0.2 0.1
Ferrous ammonium sulfate Feg@H,),S0O,-6H,0 0.1 0.1
Hydrochloric acid HCI 1.0 1.0
lodine L 0.1 0.1
Potassium dichromate Xr,0, 0.1 0.02
Potassium iodide-iodate KI-KIO3 0.1 0.0167
Potassium permanganate KMpO 0.1 0.02
Potassium thiocyanate KSCN 0.1 0.1
Silver nitrate AgNQ 0.1 0.1
Sodium hydroxide NaOH 1.0 1.0
Sodium thiosulfate Nz8,05:5H,0 0.1 0.1

EDTA, ethylene diamine tetra acetic acid.

Advantages of electrogravimetry include its ability to remove quantitatively most
common metals from solution. The method does not require constant supervision. Disadvan-
tages include long electrolysis times.

Some of the metals that have been determined electrogravimetrically are cadmium,
cobalt, copper, gold, iron, lead, nickel, rhodium, silver, tin, and zinc.

SAMPLING

Analyses are accurate only when the sample is truly representative of the solution being
analyzed. Each tank should have a reference mark indicating the correct level for the solution,
and the bath should always be at this level when the sample is taken. Solutions should be
stirred before sampling. If there is sludge in the tank, the solution should be stirred at the end
of the day and the bath allowed to stand overnight, taking the sample in the morning.

Solutions should be sampled by means of a long glass tube. The tube is immersed in the
solution, the thumb is placed over the upper open end, and a full tube of solution is withdrawn
and transferred to a clean, dry container. The solution should be sampled at a minimum of 10
locations in the tank to ensure a representative sample. A quart sample is sufficient for
analysis and Hull cell testing, and any remaining solution can be returned to its tank.

STANDARD SOLUTIONS, REAGENTS, AND INDICATORS
FOR WET METHODS

Standard solutions, reagents, and indicators can be purchased ready-made from labora-
tory supply distributors. Unless a laboratory has the experience and high degree of accuracy
that is required in preparing these solutions, it is recommended that they be purchased as
prepared solutions. Preparations for all the solutions are given here to enable technicians to
prepare or recheck their solutions.

A standard solution is a solution with an accurately known concentration of a substance
used in a volumetric analysis. Standardization of standard solutions requires greater accuracy
than routine volumetric analyses. An error in standardization causes errors in all analyses that
are made with the solution; therefore, Primary Standard Grade chemicals should be used to
standardize standard solutions.

The strengths of standard solutions are usually expressed in terms of normality or
molarity. Normalities of standard solutions and their equivalent molarities are listed in Table
IIl. The methods to standardize all the standard solutions required for the analysis of plating
and related solutions are listed in Table IV.



Indicators are added to solutions in volumetric analyses to show color change or onset
turbidity, signifying the endpoint of a titration. The indicators required for all of the analyses anc
their preparations are listed in Table V. Analytical Grade chemicals should be used in preparir
analytical reagents (Table VI) and Reagent Grade acids should be used (Table VII). Whe
chemicals of lesser purity are used, the accuracy of the results will be diminished.

Tables VIII through Xl provide specific methods for testing the constituents of
electroplating, electroless, and anodizing baths, as well as acid dips and alkaline cleaner:

SAFETY

As with any laboratory procedure, the accepted safety rules for handling acids, bases, a
other solutions should be followed. Acids are always added to water, not the reverse. Mou
pipettes should not be used for pipetting plating solutions. Safety glasses should always
worn, and care should be exercised to avoid skin and eye contact when handling chemice
A fume hood should be used when an analytical method involves the liberation of hazardot
or annoying fumes. Laboratory staff should be well versed in the first-aid procedures require
for various chemical accidents.

DETERMINATION OF CATHODE EFFICIENCY

The procedure for determining cathode efficiency, using the setup pictured in Fig. 1, i
as follows:

1. Connect the copper coulometer in series with the test cell.

2. The copper coulometer solution should contain 30 oz/gal copper sulfate pentahydra
and 8 oz/gal sulfuric acid.

3. Use the same anodes, temperature, and agitation in the test solution that are usec
the plating bath.

4. Plate at 0.4 A (30 A/f) for a minimum of 10 minutes.

5. Rinse both cathodes, dry in acetone, and weigh.

weight in grams of test metak valence of test metal in batd 3177

% Cathode Efficienc:
- weight in grams of copper metad atomic weight of test metal

5 AMP ¢
RECTIFIER

@

)

MILLIAMMETER

Test Solution Copper Coulometer

Fig. 1. Test setup for determination of cathode efficiency. Use 500-ml beakers>aritfith.
brass cathodes. The anodes for the test solution should match that used in the plating ba
Use copper anodes for the coulometer.
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Table V. Indicators for Analyses

Alizarin
Bromocresol Green
Bromocresol Purple
EBT Powder

EBT Solution

FAS

K,CrO,

Methyl Orange
Murexide

PAN
Phenolphthalein
Starch Solution
Sulfo Orange

1.0 g sodium alizarin sulfonate, 1,000 mL®l.

0.4 g bromocresol green, 1,000 m,®, 0.5 ml 1.0 N NaOH.
0.4 g bromocresol purple, 1,000 mL€, 1.0 ml 1.0 N NaOH.
2.0 g Eriochrome Black T, 198 g NaCl.

5.0 g Eriochrome Black T, 150 ml methanol, 100 ml triethanolamine.
50 g ferrous ammonium sulfate, 950 mi®l, 10 ml conc. HNQ.
20 g K;,CrQ,, 980 ml H,0.

1.0 g methyl orange (sodium salt), 1,000 mja

2.0 g murexide, 198 g NaCl.

1.0 g peroxyacetal nitrate, 1,000 ml methanol.

1.0 g phenolphthalein, 500 ml ethanol, 500 mJ(H

10.0 g starch, 1,000 ml hotJ®, 0.5 ml formaldehyde.

100 ml sulfo orange, 100 g NaCN, 845 m}®l.

Note: Use deionized or distilled water for preparation of all solutions.

Table VI. Reagents for Analyses

Ammonium Oxalate Solution
Dimethylglyoxime Solution

Fluoride Buffer

KF Solution

NaCN Solution
Na,SO, Solution
pH 10 Buffer
Reducing Solution

Rochelle Solution
SbC}, Solution

Silver Nitrate Solution
Sodium Sulfite Solution

Tartaric Acid Solution

40 g ammonium oxalate, 960 ml,B.

10 g dimethylglyoxime, 1,000 ml ethanol.

Dissolve 40 g monochloroacetic acid in 400 mj®and divide the
solution in two equal parts. Add phenolphthalein to one part and
titrate with 1.0 N NaOH from colorless to pink. Mix both parts
and add HO to 1,000 ml.

100 g KF dissolved in 1,000 ml 4©. Neutralize to pH 7.0 with
1.0 N NaOH.

100 g NaCN, 900 ml HO.

135 g NaSQ,, 950 ml H,0.

350 ml conc. NHOH, 54 g NH,CI, 625 ml H,0.

100 ml conc. HCI, 250 ml conc. HE1;0,, 200 ml ethanol,

450 ml H,0.

200 g Rochelle salts, 800 ml,B©.

2.0 g SbC}, 100 ml 50% HCI.

10 g AgNG;, 95 ml H,0.

100 g sodium sulfite, 950 ml }©. Adjust to pH 9.0 with 1.0 N
NaOH or 1.0 N HCI. Solution has a 1-week shelf life.

150 g tartaric acid, 950 ml }O.

Note: Use deionized or distilled water for preparation of all reagents.

Table VII. Properties of Reagent Grade Acids

Acid Formula Wt % Specific Gravity (60°F) Pounds/Gallon
Acetic HC,H;0, 99.0 1.050 8.76
Fluoboric HBF, 48.0 1.365 11.38
Formic HCHGO, 98.0 1.220 10.17
Hydrobromic HBr 48.0 1.490 12.43
Hydrochloric HCI 36.0 1.183 9.87
Hydrofluoric HF 70.0 1.256 10.48
Nitric HNO4 70.0 1.420 11.84
Phosphoric HPO, 85.0 1.690 14.09
Sulfuric H,SO, 93.0 1.835 15.30




N XT26°0 X |w = ([eb/z0) <00%H

abuelo |Ayow pue
ifw 00T ppe “Joxesq e o} sjeydioaid
pue Jaded Jayiy Jajsued) ‘O%H 10y yum

90IM] J3]JI} ysem ‘I8]l} ‘8nes 0] Mojje f00°M
N X202°0 X |w =(1eb/zo) 50¥N  >uid-sbueio [DHNO'T “©N)eg %0T |W GE ‘OF 10y W 00T jw 0T 10 500%N
N X96%'T X |w =(jeb/z0) HOM HOM
N X /90T X |ufeb/zo) HOoeN  mojjA-abueio IDHNO'T "abuelo-oyns |w G pue O W GZ jw g 1o HO®eN
N X€.t'€ X W =([eb/z0) NOM NOM
N X192 X |w %ebzo) NOeN pigin}-res|n 6NBY N T'0 ‘IM %0T |W 0T pue O |w 00T jw g 1o NOeN
‘apAyaplrewo} 90T |w GT pue ‘Japmod
N XTET'E X W = (jeb/zo) No)uz an|g-pay VIA3I W T0 193 ‘Jeyng 0T Hd |w 0T ‘OH |w 00T wg 4NO)uz
'SS9]10]02 0] Buiren anunuod ‘uoinjos
yosels |w g ppe ‘moj|aAk afed 01 E0%s%eN
yum areni Iy 6 g enjq by o
pioe onade ‘anjgq desp 01 HOHN ‘sawny
umolg jo aoueleaddesip pue 10j0d an|q
N XT.6'G X |w 4eb/z0) NOND  ssspojoo-enid  S0%SeN N T'0 01 1esy HNH '2u0d |w GT ‘OF |w 00T wg (Il powaN) NOND
‘Nvd ppe pue ‘4,0¢T 01 Jeay ‘enq
[lw {ND)uz x 80 —|w NOND daap 01 HO'HN "0U02 'OH |W 00T
x 2]l X N x586'C €eb/zo) NOND  usaif-sdind VIA3I W T0 '10]00 8njq 01 1eay (SNH "oU0d W GT we (1 poylaN) NOND
sselg
(uenn-N ‘N ‘jw) suonenoed  8bueyd 10j0d ueniL (pessy| Japio ul pappe aq 01) 8715 8|dwes yreg

siuabeay

suonnjos Bunejdonos|3 1oy SpoydiN 1S8L “IlIA dlqeLl



N X96%'T X |W = (je6/z0) HOM
N X290'T X |uffef/zo) HOeN  mojjeA-sbuelO
N X€.t'€ X W =([eb/z0) NOM

N X¥T9°Z X |w #[eb/zo) NOEN  plgin}-1es|o

N X€8G'T X |w =ebzo) us an|g-1ea|D

N X9€Z'v X |w {eb/zo) nD  ssali0j0d-an|g

N X9€Z¥ X |w §eb/zo) nD uaaib-aiding

N X0S¢Z'T X |W

=(1eb/z0) OHY-°0"HOeNY  uid-ss8|i0j0D

IDHNO'T

GNBY N T'0

EOM-IM N T'0

EOSEN N T

VIAINTO

YOUNM N T'0

‘abuelo-oyns |W G pue Of |W G2

‘IDIOT W 0T pue OF |W 00T

‘uonean Buunp
21eU0Q eI PUB UOKN|OS YouIess W QT
ppY "uonN|oS ayeuoqJeiq Ul pasiawwl

S| agn} 19no ains Bupjew ‘ainyesadway
wool 0} [00D "SBA|0SSIp uoll ||} Apuab
JeaH "uonn|os areuoqdJiedlq pajeinies
UNM paj|ly J1axeaq e ul pasiawwl

agn sse|b e yum pany Jaddois yum
yse)) Jaddois sey |w-00g ul Japmod
uol 6 0'g ‘|OH "ou0d Jw 0G ‘OH |W 00T

'SS8}10]02 0} Buiel} anupuod ‘uonn|os
yaJsels |w g ppe ‘mojjeA ajed o1 E0%s%N
uum arennL "1y 6 g enig by oy

pioe opaoe ‘anjq dasp 0} HOHN ‘sawny
umolq Jo aoueseaddesip pue 10j0d an|q
01 Jeay ‘HNH "0u0d |W GT ‘OF |W 00T

‘NVd ppe pue 4. 0pT 01 yeay
‘an|q daap 01 HOHN "0U0d ‘O%H |w 00T
'10]02 8Njq 0} yeay (SNH du0d |Ww GT

'Sajnuiw G |relyly pa3a9||od 3y} |loq
pue ‘a9 yum yoes a21m saded Joyy
pue ssejj ysem ‘1ayl "OSH %02 W G2

HOM
wsg 10 HO®eN
NOX

wsg 1o NOEN

ws us

jw g (1 poyrdN) no

w g (I powan) ND

azuolg

jwg OHP-°0"H"DBNM

(uenn-N ‘N ‘jw) suopenoed  abueyd 4ojod

wenL

(pa3si| Japio Ul pappe aq 01)
sjuabeay

9215 ajduwres ureg

(‘u02) suonnjos Buie|doijos|3 10} SPOYIBIN ISBL “IIIA d|qeL



"apAyaplewo} 90T |W ST pue ‘Jlapmod
N XE6¥°L X |w #eb/zo) pD an|g-pay V1AW TO 193 ‘48yng 0T Hd |w 0T ‘OH |w 00T jwe po
areloqon|4 wniwpe)

‘abuelo |Aylew pue

{ofw 00T ppe ‘19xeaq e o} syendioald

pue Jaded Jayy Jajsuel) ‘O°H 10y Yyim

29IV JBYJl ySeM “IB)l} ‘9[Nas 0} mojje

N X202°0 X |w =(feb/zo) <0¥N  »uid-sbueio [OH N 0T “BN)ed %0T |w GE ‘O 10y |w 00T |w 0T f00%N
N X/90'T X |uffef/zo) HOeN  mojjA-abuelo [IDHNO'T "abuelo-ojns |w G pue OH |w G2 wg HO®eN
PO XL’ T —NOEN [eloL
={|eb/zo) NOeN 8914 ‘I %0T W 0T NOEBN 934
N X¥T9Z X |w 4eb/z0) NOeN [eoL pigum-res|o fONBY N T°0 pue ‘HOHN "ouod |w ST ‘O |W 00T WG pue [eiol

‘apAyaplewio} 90T |w GT pue ‘lapmod
N XE6¥°L X |w #eb/zo) pD an|g-pay VIA3a W T0 193 “48yng 0T HA |w 0T ‘OH |w 00T jw g o)
apiueAD wniwped

‘SsInuIW G Sjelly Pa1dd||0d By} [1og

N X0GZ'T X |W pue ‘0§ yum yoea a1 Jaded 1ayiy
=(1eb/z0) OHP-°0"HIBNM  uld-ss8li0j0D  YOUNM N T'0  pue sej ysem ‘1a)y “0SH %0z W G2 wg O%HY-°0"H" BN

‘abuelo |Aylew pue
{ofw 00T ppe ‘19xeaq e o} syendioald
pue Jaded 1ayy Jajsuel) ‘O°H 10y yium

N XT26'0 X |w = (jebzo) T 92IM] J3)|I} YSem ‘Ia)|l} ‘amas 01 Moje €00%y
N X202°0 X |w =(feb/zo) <0¥N  »uid-sbueio [OH N 0T “BN)ed %0T |w GE ‘O 10y |w 00T |w 0T 10 500%N
(uenn-N ‘N ‘jw) suonenoey  8bueyd Jojod wenL (pa1sy Japio ul pappe 8q 01) 8z|S s|dwes yreg
sjuabeay

("u09) suonnjos Bune|doiids|3 10} SPOYIBIN IS8 L “lIIA ldeLl



‘uonn|os

yourels pue ‘) 9%0T |W 0T ‘[OH "2u0d |w
GT ‘epuonyig wniuowwe b z pe ‘|ooD
‘@f yIm |Ww Q0Z Je swnjoA urelurew
‘seinuiw og Apusb jlog “oeN b 520

0250 X (491D — N X6T2'2Z X W) ‘@°|W 002 PPE 201S JO |W OT anadid
=(1ef/zo) 4 sseyojod 01ang SOSEN N T°0  "OUISWN|OA W OOG Oul Sjdwes W-0T  >901S JO |w 0T e}
("spoyiaw

aleulalfe 1o} |[IX d|qeL 99S) "uonn|os

yorels pue ‘|3 %0T W 0T ‘|OH "uod

|W ST ‘@puonyig wnjuowwe 6 Z ‘O°H

I 00T PPe A0S Jo |w 0T anadid “isey)
N X6TZ'2Z X |W =(1eb/z0)610 ssalojod o1 8ng  fO°SBN N T'0  OUIBWIN|OA [W-00G Ol jdwes |W-0T  %203S JO W 0T (1o!D)F010
wniwouiyd

N X590 X |W

=(1eb/z0) 1@g600T uSaIB/MO|PA-PRY  HOBN N 0'T "abuelo [Ayrsw pue OH |w 00T |w 0T YOS°H
‘apAysprewoy 90T W GT pue ‘Japmod
N XE6%°L X |w #eb/zo) pD an|g-pay VIA3IWTO0 193 48ynqg 0T Hd jw 0T ‘OH W 00T Wz po

a1ejNs wniwped
abuelo |Aylew ppe
pue Iaxeaq anoway ‘||is Ul urewal |W 0z
|1 ysey (1og "uonnjos £E0gg pareinyes
Jw 00T Bulureluod Jayeaq e ul pasiawwl
J3SUBPUOD BY} WO} 8N} UONIS||0d
ay) yum sniesedde uoie|nsip ayy
0} Ysel} yoeny “isey [yepjaiy ur HoeN

N XG62°2 X |w =(1eb/zo) "4gHN SEIRVICIIEEPN IDHN T0 %02 |W 0§ ‘sdiyo Buiiog ‘OH |w 0g WS "4a"HN
(uenn-n ‘N ‘lw) suonenoed  abueyd 4ojod ueni| (paisi| 1apio Ui pappe aq 01) aziS a|dwes yreg
sjuabeay

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “IIIA dlqel



'SS9|10]02 01 Buirelyy anunpuod ‘uonn|os
yoJels |w g ppe ‘moj|aAk ared 01 E0%s%eN
yum arenil Iy 6 g enjq by o1
pioe onaose ‘an|q dasp 01 HOHN ‘sawny
umoJq jJo asueleaddesip pue 10jod an|q
N XT.6'G X |W {ebjzo) NOND  sssliojoo-anjg  EO°GBN N T'0  011eay ‘©NH "ouod W GT ‘Of |W 00T wg (11 poyrain) NOND

‘NVd ppe pue ‘4 0pT 0} yeay

‘an|q desp 01 HOHN OU0d ‘OH |W 00T
N XT/6'S X |w &§eb/zo) NOND uaalb-a|ding V1A3I W T0 ‘10]09 an|q 01 1eay (SNH dU0d |W GT wg (I poyraN) NOND
apiueA) Jaddo)d

“iajing spuonj} |w € ppy
‘Moj|9A 01 juid woly sabueyd uonn|jos
10 10102 || BNH %g ‘Joredlpul uueziy
ppy "areayy anes ‘ayendioaid ysem ‘1o
‘arendioaid sy Jo Buimes Jsye 10j0d
MoJ|ak ay1 jo asuereaddesip ay) |nun
uonnjos &NBY %0T ppv "0°2 HA 01
pazipiepuess Ajsnoinaid 1aow Hd e Buisn
N X 2060 X |w =(jeb/z0) 4  uid-mojlsA  "(ON)UL N T°0 ‘G, Hd 01 HOBN N O'T ‘OH |w 00T jw g 4

‘ybiam pue lojesoisap

u1 1009 ‘D,0TT e uano ul AIp ‘O°H

j0y yum arendioald ysem ‘a|qionio yooos
paxe; ul 1ayi4 “Buijiog o3 uonn|os yeay
‘sinoy —¢ 10} puels 0} UOIN|OS MO|IY
"OH 10y |w 00T “(BN)ed %0T |W 05

G6T°Z x(erendoaid ppe ‘leay woiy anowal ‘sainuiw Qg |10q
jo swelb ur ybiem) = (jeb/zo) *os ‘uonnjos Buonpal jw 00T ‘OH W 00T |w 5z oS
(uenn-N ‘N ‘lw) suonenofed  abueyd 10jod e (pa3si| 1apio ul pappe aq 01) az1s s|dwes yreg
sjusbeay

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 1S3 1 A dlgel



‘NVd ppe pue 4,0¢T 0} yesay

N X9€Z'¥ X |w febjzo)ny  usaih-sjding V1a3 W T0  ‘enjq deap 0} HOHN "2u0d OFf W 00T Wz (1 poyan) ND
areydsoydolfd Jaddod
N XTLTT X |w = (1eb/z28H %00T uaaib-pay HOBN N 0'T "aburelo |Ayraw pue OH |w 00T Jw 0T v4aH
*SS9110]02
01 Buirenn anunuod ‘uonnjos Yyoiels
|w g ppe ‘mojjaA sjed 0} E0%S%N yIm
areni| "Iy 6 geniq by o1 pioe onsoe
N X9€Z'¥ X |w 4ef/zo) ny  ssauojod-anig  f0%SEN N T°0 ‘an|q desp 01 HOHN ‘O W 00T Wz (1 poyraN) nD
€2°¢ x nD =(lebzo) ¢(4g)nd "‘NVd ppe pue ‘4,0vT 01 Jeay
N X9€Z't X |w febjzo) ny  usalb-sidind VI3 WTO0 ‘enjq desp 01 HOHN "ou0d ‘OA W 00T Wz (1 poyan) ND
areloqon|4 Jaddod
"S8INUIW G Byely Pa1I||0d By} |log
N X0SZ'T X |w pue ‘g yum yoea aoimy Jaded Jayy
=(1eb/z0) OHP-°0"HIBNM  quid-ssa10j0D  YOUNM N T'0  Pue ysel ysem Iy "OSH %0z W Sz jwg O%HY-°0"H" BN
‘abuelo |Aylsw pue
{@fw 00T ppe ‘Jexesq e 0} sreyddaid
N XT26'0 X |w = ([eb/zo) €00%H pue saded syl Jysuell ‘O%H 10y Yum
218 00N 301} J3) ysem ‘18] ‘S[nas 0} mojfe f00°M
N X202°0 X |w =(1eb/zo) S0¥N  >uid-sbueio [DHNO'T CON)ed %0T |w GE ‘OH 10y |W 00T jw 0T 10 f00%N
N X96%'T X |w =(jeb/z0) HOM HOM
N X /90T X |uffeb/zo) HoeN  mojjeA-abueio IDHNO'T "abuelo-0|ns |w G pue OH |W GZ jw g 1o HO®eN
N XEL7'€ X |w = (1eb/z0) NOM NOM
N X192 X |w %eb/zo) NOeN pigin-res)d  GNBv N T°0 “IM %0T |W 0T pue OH |w 00T jwg 10 NO®BN
(uenn-N ‘N ‘jw) suopenoed  abueyd 4ojod wen | (pa3si| Japio Ul pappe aq 01) az1S a|dwes yreg

sjuabeay

(‘u02) suonnjos Buie|doijos|3 10} SPOYIBIN ISBL “IIIA d|qeL



N X9€Z'tv X |w £ebjzo) ny  sssji0j02-an|g
€6'¢ x NO =(jeb/z0) OHS-OSND

N X9€Z't X |w {eb/zo) nD uaalib-a|dind

N X080 x |w = (1ef/zo) BN %62 PaI-MOJ[BA

(rebyzo)
no/[(1eh/zo) “0%d reol] = oney
LET XND + N X2€2T X |W
= (jeh/zo0) “O4 rejoL

N X9€Ztv X |w £ebjzo) n)  ssaji0j02-an|g

FOSEN N T0

VIAIWTO

IOH N T°'0

HOBN N 0'T

EO0SBN N T'0

'SS9|10]|02
01 Bunesnnn anunuod ‘uonn|os yoreis
|w G ppe ‘mojjeA ared 01 E0%5%N yim
arenil ‘1M 6 gan|q Wb 01 pioe onade
‘anjq desp 01 HOYHN ‘OF W 00T

‘Nvd ppe pue ‘4,0%T 0} Jeay
‘an|q desp 01 HOHN "ou0d ‘Off |w 00T

‘abuelo |Aylsw ppe

pue Jayeaq aAoway ‘|w OQT J9A0 ||usIp
pue ysey} [10g ‘uonnjos E0gg pareinies
Jw 00T Bulureluod Isyeaq e ul pasiawwi
J9SUSBPUOI BY} WOoIy agn} Uoida||0d

ayl yum sniesedde uone|nsip ayl

0} isey yoeny isey |yeplaiy ur HoeN
%02 W 0G ‘sdiyo Buijiog ‘OH |w 00z

*(uonenofes 1oy pasn HOEN W

asay} ajou) g'c Hd 01 HOBN N 0'T Buisn
Buruns yum Aimols areni] ‘samnuiw

0T Jns pue (g€ Hd 01 paisnipe) 'osuz
%02 W 0§ ppe ‘g'€-9'¢ sl Hd ains
2yew pue saINUIW G NS ‘JOYSIBAO SI '€
Hd Jl HOBN N 0'T Unm sreni-ioeq ‘(0
Hd 1e pazipJepuels Ja1aw Hd asn) g’
Hd o1 ssmdoip [OH N 0'T ‘OH |w 00T
'$S8]10]02 0} Buien anupuod ‘uonn|os
yoJels |w G ppe ‘moj|aA ared 01 F0%s%N
ynm ayeniL 1M B G onjg by 0} proe on
-80e ‘an|q desp 0} HOYHN ‘OF W 00T

Wz (I poysan) no

jw g (I powan) ND

aleyns Jaddo)p

|w 0T EHN

wg ‘04d [eroL

lw e (I poysay) no

(uenn-W ‘N ‘lw) suopenoed  abueyd 10j0D

uenl|

(paisi| 49pi0 Ul pappe aq 01)
sjusbesy

8715 s|dwes Yreg

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “IIIA dlgel



abuelo |Ayw pue
{fw 00T ppe ‘1axeaq e o} arendoaid
pue saded Jayjy Jajsuel ‘OH 10y yum

N X806°9 X |w + (1/6) 500N S0IM] JBYY YSEM ‘I8)l ‘B1SS 0} Moj[e f00°M

N X€0€'G X |w = (/6)GoeN  uid-abueio [DHNOT “BN)ed %0T |w G€ ‘O 10y |W 00T Iw 0T 10 £00%N
N X870°9Z x |w = (1/6) NOM NOM
N XG09'6T X |w =(1/6) NOEN  piqinI-res|o ONBY N T°0 “IM %0T |W 0T ‘OF |Ww 00T wg 10 NO®BN
‘plob pioe 1o} anoge sy ‘plob pioe 1o} anoge se ainpadoid jw 0z ny
apiueAd pjoo

‘ybram

pue 101e20IS8p Ul [002 ‘D OTT Je UsAo

ur 9|q1onJo AIp ‘04 10y ynm abuods ny

ysem ‘1aded a1 sse|biaql Buiurejuod

2]g1on19 Y2009 ybnolyl Jayji4 ‘sanuiw g

10} 4,07T ¥ 383y ‘O |W 00T Ppe ‘|00D

'SIea|d uonn|os pue sarenbeod abuods

ny [nun Buneay pue ¢g§ readay ‘sawiny

005 (@rexdpaid pjob jo bram) dHUM 0} Jedy “Qf 9%0€ W OT PpPe ‘|00d
= (1/B) ny ‘sawiny 8Nym o1 yeay “OSH "ouod W Gz Iw 0z ny
plo9 prv

‘sisAjeue

0} Joud uonnjos 8y yeas-uogied ‘sisAjeue

apLoJyd Jo4 910N ONBY N T°0
N XT'60L X |w =wdd) |5 Jesp-piginL  “(ON)BH N T0'0  sdoip G ‘BNH %08 W SZ ‘OH 1w 05 Iw 0S 10

N X¥59°0 X W

= (1eb/zo) 1@I600T usaib-pay HOBN N 0T "abuelo [Ayrvw pue OH |w 00T |w 0T YOS°H
(AIX @1qeL 99S) poyisN) nd
(enn-N ‘N ‘Jw) suoneinoe)  abuey) Jojod en] (paisl| JapJo ul pappe aq o) 9z1S a|dwes yreg

sjuabeay

("u02) suonnjos Bunejdonos|3 1o} SPOYIBIN 1S “[IIA dlgel



N X681'T X |w =(1eb/zo0) 34

N XG62°2 X |w =(1eb/zo) "4gHN

N XGG9°2 X |w =eb/zo) ul

N X96%'T X |w(|ef/z0) HOM
N XELV'E X |w #eb/zo) NOM 9914

N XE.7'€ X |w =eb/zo) NO [ejoL

N XGG9°2 X |w =eb/zo) ul

TOSH %0T W

YOUNM N T'0O 0§ pue HSUZ %0zZ |W G2 ‘OH W 00T

abuelo |Aylew ppe

pue Jayeaq aAoway ||IIS Ul urewsal |w 0z
IIn sey j1log "uonnjos *0gy palelnies

Jw 00T Bulureluod Iayeaq e ul pasiawwi
19SUBPUO0I By} WOl 8gn} uolda||0d

8y yum snjeredde uone|usip ays

0} Sy Yoeny isey |yepiaiy ul HoeN
%02 |W 0 ‘sdiyo Buiiog ‘OH |w 0G

[DHN T0

1apmod 193
ppe pue ‘4 oFT 03 yeay ‘Jayng OT Hd |w
VLA3 W T'0 0T ‘Uonnjos 3||3yd0y |w 05 ‘OH Iw 00T

IDHNO'T "afuelo-ojns |w G pue OH |w Gz
O6NBY N T'0 “IM %0T |W QT pue O |w 00T
‘I %0T W

ONBY N T'0 0T Pue ‘HOBN %02 |W 0Z ‘OH W 00T
1apmod 193

ppe pue ‘4,0¢T 0} ¥eay ‘1ayng 0T Hd |w
V1A3 W T'0 0T ‘uolnjos a]|3yd20y |w 05 ‘OH Iw 00T

Iwg -

apHojyD uol|
wg "4a"HN
jw g uj

arelogon|4 wnipu|

WG HOM
jw g NOMX 83l4
lw g NOM [e10L
w gz uj

apiueAD wnipu|

(uenn-n ‘N ‘|w) suonenofed

weni| (paysi| 1apio Ul pappe aq 01)
sjuabesy

9713 ajdwes ureg

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



‘apAysplewlo} %0T |W GT pue ‘1spmod

N X8GEY X |w ehjzo) uz an|g-pay VI3 WT0 193 “4ayng 0T HA jw 0T ‘OH |w 00T Wz uz
[930IN Xoelg
N XTLTT X |w =(jeb/zo48H %00T plgin}-res|d HOEN N O'T "OH Iw 00T Iw 0T v4gH
‘uonn|os 193 pue ‘HO'HN "ouod jw
N XG29°22 X |w 4eb/zo) ad an|g-pay V1A3 W T'0 0z ‘Uonnjos 8||ayd0y |w Gz ‘Of W 00T wT ad
ajelogon|4 pea
"ayeu|y 01 "OI03 ppe pue ‘O%H 1oy
yum arendioald ysem ‘1)l ‘sanuiw 0T
N X8GG'T X |w =(jeh/zo) |oeN pai-mojIsA ONBY N T°0 10} J10q ““OH %0€ |W G ‘OH W 00T jw g [DOeN
TOSH %0T W 0g pue
08Uz %0z W Sz ppe “isey o} ppe pue
E°Yim aNpIsal PO ysem sey} |W-005
@4 —od [eloL =(jeb/zo) o4 ojul pinbi| Juedap pue 009 ‘sanuiw
N X687'T X |w 4eb/zo) a4 [elol  >uid-ssepiojod  "OUAM N T'0 G llog ‘saxeypd B G ‘OF W 00T W g a4 [ejoL
TOSH %0T W
N X687'T X |w =(jeb/zo) ;34  >uid-ss3]10]0D YOUNM T'0  0S pue HSUZ %0Z |W Gz ‘OH W 00T jwg 424
alelogon|4 uoJ|
N XO0¥S'0 X |@eb6/z0) |IDH %9e  udaib/Mo|PA-pay  HOEBN N 0'T ‘abuelo [Ayrsw pue OH |w 00T Iw Gz IOH
TOSH %0T W 0g pue
08Uz %0z |w Sz ppe “isey o} ppe pue
E°Yim aNpIsal PO ysem sej} |W-00S
4@ —ad [e0] =(jeb/zo) , o4 ojul pinbi| JUB23p pue |00d ‘SaInuIW
N X687'T X |w £eb/zo) o4 [ejol  >uid-ss310]0D YONWM T°0 G llog ‘saxeypd B G ‘OF w 00T W g a4 [ejoL
(uenn-N ‘N ‘|w) suonenoed abuey) Jojod uen] (paisl| JapJo ul pappe aq o) 9z1S a|dwes yreg

sjuabeay

("u02) suonnjos Bunejdonos|3 1o} SPOYIBIN 1S “[IIA dlqel



*g1dind josaioowoiq

N X280 X |w = (jeb/zo) foaf a|dind-usain HOEBN N O'T pue ‘joyuuew 6 0°G ‘OH W Gz lw 0T fog°H
N X262°0 X |w =(jef/z0) OHY-PDIN  pal-usaib/molidA  ONBY N T°0 010% pue OH |w 00T |w 0g OHY-IOIN
N X¥T6'Z X |w =(1eb/zo) fgIN  pal-udaib/mo|dA  ONBY N T°0 7010% pue OH |w 00T W g c1gIN
“1apmod apixainw
N X¥T6'€ X |w 4ef/zo) IN  sjdind-sbueio  vIAI W T0 pue ‘HOFN "2u0d |w 0Z ‘OH W 00T Wz IN
ajewey|ns [9X9IN
N XGTT'T X |eb/zo |f) |IOH %9E  udaIf/moj|2A-peyd  HOBN N 0'T ‘abuelo [Ayraw pue OH |w 00T Iw 0T IOH
“1apmod apixainw
N X¥T6'€ X |w 4ef/zo) IN  sjdind-sbueio  vIAI W T0 pue ‘HOFN "2u0d |w 0Z ‘OH W 00T Wz IN
DS [DHOIN
*g|dind josaloowolq
N X280 X |w = (jeb/zo) Fogf 8|dind-usai HOBN N 0T pue ‘jonuuew 6 0°'G ‘OH |w G2 lw 0T fogH
“1apmod apixainw
N X¥TI6°€ X |w {ebjzo) IN a|dind-abuelo VIA3I N T0 pue ‘HOHEN 2u0d |W 0T ‘OH W 00T wyg IN
apeloqon|4 [IN
“loyedipul Sy
N XT80'T X |w §eh/zo) NOSEN $S9]10]02-pay ONBY N T°0 pue "OSH %0z W ST ‘OA W 00T jw 0T NOSEN
N X ¥T6°€ X (Uz 10} V.1a3 1apmod apixainw
Jw — IN 10} V13 |w) 4eb/zo) IN a|dind-abueio V1a3a N T0 pue ‘HOHN "2u0d jw 0T ‘OH W 00T jwe IN
(uenn-N ‘N ‘lw) suonenoed  abueyd 1ojod weni| (pa3si| Japio ul pappe aq 01) azis ajdwes yreg

sjuabeay

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



"a|dind |osaio0woiq

N X280 X |w =(jeb/zo) fogf  8|dind-ussin HOEN N 0T pue ‘jonuuew 6 0 ‘OH |w Gz |w OT fog°H
YOSH %0T |W 0G pue
08Uz %0z |W GZ ppe Ysey} 0} ppe pue
@°UNm anpisal pO ysem isel} [W-00S
@4 —a4 [e0] =(jeb/zo) , o4 ojul pinbi| Jue93p pue |00d ‘SaINUIW
N X687'T X |w 4eb/zo) o4 [el0L  >uid-ss310]0D YONIWM T°0 G [1oq ‘s&eypd B G ‘Of |w 00T wg a4 [ejoL
TOSH %0T W
N X687'T X |w =(eb/zo) 34  uid-ssai0jod  "YOUAM N T'0 0§ pue HSUZ %0Z |W G2 ‘'OH W 00T jw g P4
“Japmod apixainw
N X¥T6'E X |w 4eb/zo) IN  9jdind-abuelO VIA3I W TO pue ‘HOHN "2u02 |w 0Z ‘O°H W 00T w g IN
uol|-[@X0IN
*a1dund josaloowolq
N X+28°0 X |w =(jeb/zo) fo@f  o|dind-usaio HOBN N 0T pue ‘loyuuew 6 0’ ‘OH W Gz |w 0T fogtH
(OH9-€IDIN X /20 —IN) §'F
=(eh/z0) OH9-"OSIN
@>ed 6 0'T ppe ‘0'y mojeq
N X/¥8'ST X |w =(1eb/z0) OHY-IOIN pal-usaib/molsA  ONBY N T°0 St Hd §1) "O10% |W T ‘OH |w 00T jw T O°HY9-°|OIN
“Japmod apixainw
N X¥T6'E X |w 4eb/zo) IN  9jdind-abuelO VIA3I W TO pue ‘HOHN "2u02 |w 0Z ‘O°H W 00T w g IN
EXINESIET
‘yBram pue ‘101ed2IS8p Ul |00 ‘D OTT e
uano ul Ap ‘a9 yum arendioald ysem
‘9]q1oNnJd Yyoo09) pale) ul Jd)jl ‘sinoy
88%'G x(arendioaid ¥ puess 0} uonnjos moje ““(foN)eq
J0 swesb ul ybiem) = (1eh;zo) *0S IW GZ ‘IOH %0S W G ‘OH W 00T |w 0T os
(uenn-N ‘N ‘lw) suonenoed  abueyd 1ojod e (paysi| 1apio Ul pappe aq 01) az1S s|dwes yreg
sjuabeay

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



N %0086 X |w = (1/6) *0dH %00T
N X067 X W = (1/6) ¥0g600T  usaib/mojeh-ped  HOEBN N 0T

0’0t x(srendioaud
jJo swelb ur ybrem) = (7/6) yy

0°00T x(avendroasd
Jo sweub ul ybiam) = (1/6) 1d

£9'T€ x(arendivaid
Jo sweib ur ybiem) = (71/6) pd

‘ybrom pue ‘10yed0isep

‘afuelo |Ayidaw pue OH |w 00T

‘ybram pue 10¥ed2IS8P Ul [009 ‘D OTT
Je uano ul AIp ‘OF 10y yum arendioald
ysem ‘1aded Jayy sse|biaqy Bulureluod

9]q19NI2 Y2009 paJe) ul uonnjos
19114 "yy Jo uonendioaid a1e|dwod
ainsua 01 asimdoup |OH pue sBuiuin
BN B G0 ppe ‘sanjossip B (e usym
asimdoup |DH "ou09 ‘sbuiuin BN 6 Z

‘yBram pue 10yeadIsap Ul 00D ‘SalnuIW
o€ Joy ainyesadwa) ybiy re eyendoaid
1d Aip ‘1aded Jayy Jeyd ‘Jsuing uasung
yum Amols Aip ‘a1qionio urejgalod pasey
ul arendioaid 14 pue Jaded Jayy ade|d
‘@9 10y yum ayendioaid ysem ‘1o
‘sinoy G 1o} 4, 0pT e 1eay ‘pioe olwlo}
'0U09 |W T ‘a1elade wnipos b G ‘O%H W
00T ‘AdniAs |nun reay ‘|DH "oU0d W QT

11002 '0,0TT e
uano ul Aig ‘a9 yum arendoald ysem
‘a1q1on10 pasey Ansolod € "oN ybnouyy

1)1} ‘sinoy z Isesa)| 1e puels 0} uonnjos

MOJ[e ‘uonnjos awixoA|BlAyBwIp W
Ot ppe AImojs ‘|002 ‘OH |W 052 PPY

‘Buijioq Jo 19suo 01 1eay ‘ONH u0d |w

0T ‘AdniAs jnun 1eay GNH 'oU0d W QT

w ot

w s¢

w0t

w0t

"Od°H
2 "OS*H

uy
wnipoyy

id
wnupeld

pd
wnipejed

(uenn-N ‘N ‘|w) suonenofed abueyo J0j0D weni|

(pa3si| Japio Ul pappe aq 01)
sjusbeay

9zIS a|dwes

ureg

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



‘uonen
Bulnp ayeUOQIRDIQ PPE ‘UoKN|OS YoIelS
N X 966°€ X |w =(1eb/z0) Ys on|g-ssaiojod  E0IM-IM N T°0 W 0T ‘|OH %0S W §Z ‘OH |w 00T

abuelo |Aysw pue

Ifw 00T ppe ‘1oxesq e o3 srendiosid

pue saded Jayy Jajsuen ‘OH 10y yum

N XTZ6°0 X |w = (1eb/zo) 500 S0IM} J8)|ly Ysem ‘Is)jl ‘Snes 0} moje
N X202°0 X |w =(1eb/zo) F0¥N >uid-abuelo IDHNO'T “BN)eda %0T |w S ‘OF 104 |W 00T

N X€.L¥'€ X |w = ([eb/z0) NOX
N X¥T9°Z X |w eb/z0) NOeN  pigini-yes)d  GNBvY N T°0 ‘IM %0T |W 0T pue OF |w 00T
"loyedipul Sv+
pue ‘Gfp|od |W 00T Ppe ‘]009 ‘sawny
2T x By =(jef/z0) NOBY abuelo Jo souereaddesip sy |nun yesy
N x/2/87¢ X |w 4ebjzo) By  pai-ssaliojo)  NOSM N T'0 ‘ONH "2u00 |w G OSH "du0d |w GT

w0t

wg

+4S
ajeloqon|4 Uil

f00°M
10 ¥00%N

NOX
10 NOEN

by
aplueA) Jan|IS

‘Aio1el0qE| JUBYEdWOoD B

01 paliajal aq pinoys sisAjeue s) pue Adoosooads uoissiwa Ag pauiwialap Ajjensn
S1 1] "spoyiaw duawWiIARIB 10 oLIBWIN|OA A paulwialap Ajisea ag Jouued wniuayinyg

wniuayiny

(uenn-N ‘N ‘jw) suonenoed  abueyd 100D wenL (pa1sy| Japio ul pappe 8q 01)
sjuabeay

azIS a|dwes

ureg

(7u09) suonnjos Buireidonoal3 1o} SPOYIS 1SaL “IlIA BlqeL



‘(uoire|noes ayy Joy
pasn aJe dais siy) Jo} palinbas HOEN |w)
0'8 Hd 01 0°2 Hd wouy areny ‘joyuuew b
G ppY "0°Z Hd 01 paziprepuels Ajsnoinaid
Ja19W Hd e Buisn ‘9’2 Hd 01 aresn
N X+28°0 X |w =([eb/zo) *ogH HOBN N 0T ‘uonn|os Y*O0S®N W 0T ‘OH 1w 00T |w 0T fogH 9914

N XTLTT X |w =(1e6/z88H %00T  pigin-1es|d HOBN N O'T "abuelo [Ayrew pue OH |w 00T |w 0T Y4aH

‘uonn|os yaJels ppe pue Jaddols
anoway (FDHeN 8y} ul pasiaww s
agny 19)Ino sselb ains aye aineladwal
wool 0} [002 0} MOJ[e pue 3ue) Buljood
ul 9oe|d uay) pue sanulw Qg 1o} |log
01 aje(d Joy UO UONN|OS JeSH UOoNN|0S
OSHEeN pajelnyes e ojul pasiawwl
agn) sse|b “ul-rynm pany laddols
Jaqqns yum yseyy saddois “ispmod
uoJi paanpai 6 0'g pue diis (931U
padeys-.N, PapPIo} "U-G ‘OH |W 08T

TS ppy "uonnjos|9as sdoip g ‘|OH "ouod
— N X956°€ X |w =(1eb/z0) ys  8njg-sseiojod  EO-IM N T°0 I 00T ‘a|dwes ppe sey Jw-00S Ul Iwe S
(uenn- ‘N ‘jw) suonenoed  abueyd 10jod weni (paysi| 1apio Ui pappe aq 01) azIs sjdwes reg
sjuabeay

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



LS — N X9S6°€ X |W

‘uonn|os yaJels ppe pue Jaddols
anoway (FDHEN 8y} ul pasiaww s
aqgny 19Ino sselb ains aye aineladwal
wool 0} [009 0} MOJ[e pue Xue) Buljood
ul 9oe|d uay) pue sanulw Qg 1oy |log
0} aje|d-joy uo uonN|os 1esH uonN|os
OSHEeN pajelnyes e ojul pasiawwl
agny sse|b “ul-vynm pany Jaddols
Jaqgni yum yseyy saddois “ispmod
uoJi paanpai 6 0'g pue diis [9x21U
padeys-.n, PapPIO} "U-G ‘OH |W 08T
ppY "uonnjos|9as sdoip g ‘|OH "ou0d

=(lefzo) ys  on|g-sssl0j0D  EOIM-IM N T'0 |w 00T ‘@|dwes ppe sej} [W-00S Ul w e +HS

‘uonenn

£55°0 X Bsus = (jebjzo) , us Bunnp a1eUOQIeIIq ppPE ‘UoNN|oS Yosels
N X€98'Z X |w =(leb/zo)Jsus  an|g-ssalojod  FOIM-IM N T'0 |W 0T ‘IOH %06 W §Z ‘OH 1w 00T w g bsus
ayeyns UL
N X290'T X |w =(jef/z0) HOeN HO®eN
N X96%'T X |W(ef/z0) HOM  Mmo|jeh-abuelo IDHNO'T abueI0-0|nNs |W G pue OH |W GZ w g HOM

‘uonyenn Buunp

a]euoQgJ/eslq pue uonnjos Yalels |w QT

PPy 'UonN|OS 8yeuogtedlq ul pasiawwl

SI agn 19jINo ains Bupfew ‘ainresadwal

woo4 0} 00D "SaAJ0SSIp uoll || Apush

JeaH "UonN|OS areuoqtedlq pareinies

N X9GG'€ X |w UNMm pajjly 1exeaq e ul pasiauil
=(eb/z0) OHe-OUS%N aqm sse|b e yum pany Jaddols yum OHe-fOus®N

N yse)} Jaddois se)) [w-00g Ul Japmod
X986°€ X W =(126/z0) OHEOUSH  8N(g-Ss8I0j0D O~ N T°0 U0 B 0°€ ‘[OH "2u0d |w 0§ ‘OH W 00T wg O%HE-OUS*Y
aleuuels Uil
(uenn-N ‘N ‘Jw) suoneinoedy  abueyd JojoD e (paisi| JapJo ul pappe aq 0]) 9z1s a|dwes yreg

sjuabeay

("u02) suonnjos Bunejdonos|3 1o} SPOYIBIN 1S “[IIA dlqel



N XTLT'T X W = (jeb/Z048H %00T  PIgIN}-1eajd

N XETSET X |w 4eb/zo) qd an|g-pay

+ S — N X956°€ X |W

=(lef/z0) Yys  oan|g-ssali0j0D

N X9G6°€ X |w =(jeb/z0) us  anjg-ssali0j0D

moj|ah/abuelo
-pay

N X620 X W = "OS°H A %
7G9°0 X |w = (1ef/z0) *OSH %00T

HOBN N O'T "OH |w 00T
‘uonnjos 193

pue NOBN %0T |W ST ‘HOHN "2u0d

|W GT ‘UonN|os 3||3Yd0Y |W GZ :ppe pue
VIA3I W T0 1002 ‘Adnifs |In Yeay HNH "ou0d W G
‘uonnjos yaseis ppe pue laddols
anoway (FOHEN a8y} ul paslawwi sl

agny 19Ino sse|b ains aye aineladwal
wooJ 0] [009 0} MOj[e pue yuel Buljood

ul 8oe|d uay) pue sanuiw Qg 1oy} |1oq

0] @1e|d-10y UO UONN|OS JeaH "UoNN|os
O3HeN palelnies e ol pasiawuwl

agny sse|b “ul-raynm pany 1addols

Jaqgnt yum ysey} Jaddois “1apmod

uoJl paonpal B 0'g pue dis |9x21U
padeys-,N, PaPIO} “Ul-G ‘OH |W 08T

ppy "uonnjos|Has sdoip z ‘|OH "uod
EO-IM N T'0 |w 00T ‘8|dwes ppe sej} [W-00S Ul
uonenn Buunp ayreuoqteslq ppe ‘uonn|os

EO-IM N T'0 yoses W 0T ‘|OH %05 W §Z ‘O°H

‘abuelo |Ayldw pue ‘uonn|os

HOEN N O'T ale[exo wnjuowwe W sz ‘OH |w 00T

|w 0T v4aH

w e ad

Wz TS

W 00T +4S
sjeloqon|4 pesa-ull

|w oT YOS®H

(uenn- ‘N ‘jw) suonenoed  abueyd 10jod

weni (paysi| 1apio Ui pappe aq 01)

sjuabeay

9zIS a|dwes yreg

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



(VSIN) proe
N X196 X WD) VSIN %00T  yuid-ssajiojod HOBN N O'T ‘uisreyydijouayd ‘OH |w 00T Jw 0T 21UOYNS BUBYIBN

"apAysplewo) 90T W GT ‘uonnjos
1493 ‘1ayng 0T Hd |w Gz ‘uonn|os
N x882'8 X |w =(1/B) ad an|g-pay VIAIWTO 3||18Y20Y |W 0§ “OH |w € ‘OH |w G2 Jw g2 qd

'uonn|os yoJleis
ppe pue Jaddols anoway ‘HIHEN ay} ul
pasiawwi si agny 1IN0 sse|b ains aye
‘ainjeladwia) Wool 0} |00D 0} MOjje pue
yue) Buijood ul aoe(d usy) pue sanuiw
0z 10} Jlog 01 are|d-1oy uo uonnjos

1eaH "uonnjosGOHEN pareinies

© 0JUl pasiawiwi agny sse|b "ul-v4 Yum
pany Jaddois Jaqgni yum ysey Jaddois
“1apmod uoli paoanpal 6 0'G pue diis
[@xou padeys-,n, pap|o} ‘O%H |w 08T
ppy "uonnjos|Has sdoip z ‘|OH "ou0d

(L US) N x698'TT X |w = (1/6) YS  @n|g-ssslojod O~ N T0 |w 00T ‘s|dwres ppe sey |[W-00S Ul jw g IS
‘uonenn
Buunp a1euOgIedIq pPe ‘UoNN|oS Yalels
N X698°TT X |w = (1/B) Ys  8n|q sselojod  OM-IM N T'0 |W 0T ‘IOH %06 W SZ ‘OH 1w 00T w g 2-US
a1euoyns aueyv N
pes-ull

‘(uone|noles ay Joy

pasn ale dais siy) 1o} palsinbal HOEN |w)
0’8 Hd 01 02 Hd wouy aresn ‘jonuuew b
G ppY "0°Z Hd 01 pazipiepuess Ajsnoinaid
J218W Hd e Buisn ‘g’z Hd 01 arenil

N X#28°0 X |w = ([eb/zo) FogH HOBN N 0T ‘uonnjos YOS®eN |w 0T ‘OH W 00T |w 0T fogH 9914
(uenn-N ‘N ‘jw) suonenoed  8bueyd Jojod wen L (passy| Japio ul pappe aq 01) 8715 o|dwes yreg
siuabeay

("u09) suonnjos Bune|doiids|3 10} SPOYIBIN 1SS L “lIIA dlgeLl



N X8SEY X |w =ebjzo) uz

N X227 X |w =(1eb/z0) |

N X8SEY X |w =ebjzo) uz

N XT92°0 X |Ww = (1eb/z0) *4HHN

N X¥T6°E X |w {eb/zo) IN

N X9G6°€ X |w =[eb/zo) us

an|q-pay

pal-Mojlo A

an|q-pay

paJ-Mo|la A

a|dind-abueio

an|q fes|D

‘apAysprewo} %07 |W GT pue ‘Jspmod
VIAINTO 193 “apng 0T Hd |w 0T ‘OH |w 00T

fONBY N T'0 TOI0% W T 'OH 1w 00T

‘apAysprewo} %07 |W GT pue ‘Jspmod
VIAINTO 193 “apng 0T Hd |w 0T ‘OH |w 00T

abuelo |Ayraw ppy ‘82IN0S

1eay Buinowsal a104aq agn} UONI3||0d

W0} I9xeaq anoway ‘|w OQT I9A0 |ISIp

pue ysej} [10g ‘uonnjos E0gy pareinres

Jw 00T Bulurejuod Isxeaq e ul pasiawwi

19SuUspu0od 8y} wolj agn} uods||0d

ayl yum snieredde uone|nsip ayx

0} isey yoeny isey |yeplaiy ur HoeN

[IODH N T°0 %02 W 0G ‘sdiyo buijiog ‘OH |w 00z

“1apmod apixainw pue ‘OH |w 05T

‘1ayyng 0T Hd |w 0Z ppe ‘10j0d an|g & 0}

H®IN "0U0d Yum azijesnaN ‘uoinjos

pioe oueye) [w QT ppe ‘|002 ‘|iog 0}

via3 W T0  Apusb yeay “OH %0€ W T ‘O%H |w G

‘uoneann
Buunp ayeuogedlq ppe ‘uoin|os yosels
EO-IM N T°0 Jw 0T ‘|OH %0S W SZ ‘O |w 00T

lwe

lwe

w0t

jwe

uz
apiue/A) ouiz

10

uz

apLoYD Uiz

C4H"HN

us
[939IN-ULL

(uenn-N ‘N ‘|w) suonenofed

abuey) 100D

weni (paysi| 1apio Ui pappe aq 01)
sjuabesy

9zIS a|dwes

ureg

("u09) suonnjos Bune|doiida|3 1o} SPOYIBIN 131 “lIIA dlgel



"SUONN|OS [[B 10} JOYeM PI|NSIP 10 PIZIUOIAP 3SN,
"ajeu |A19oe Axolad ‘Nvd ‘pioe anade ena) aulwelp aualAye 'v.1a3

‘abuelo |Aylaw pue
{ofw 00T ppe “Joxesq e 0} sreydioaid
pue Jaded Jay Jajsuen ‘O°H 10y yum
90IM] J3Y|I} Ysem ‘I3l ‘aas 01 moje

N X202°0 X |w =([eb/zo) <0¥N  >uid-sbueio IDHNO'T “®N)ed %0T |w GE ‘O 10y |w 00T |w 0T f00%N
N X290'T X |u(jef/z0) HOeN  mojj@A-abuelo IODHNOT ‘abuelo-oyns |w G ‘OH |W G2 Iwg HO®eN
N X690°ET X |w ‘I %0T W
#eb/zo) NOBeN [el0L  pigim-es|Dd  ONBY N T'0 0T pue ‘HOEBN %02 |W 0Z ‘OA W 00T Iw T NOBN [e101
(uenn-N ‘N ‘jw) suonenoey  abueyd 100D wenL (pa1sy Japio ul pappe 8q 01) 8z|S s|dwes yreg
sjuabeay

(7u09) suonnjos Buireidonoal3 1oy SPOYIS 191 “IIIA BlqeL



'SUONN|OS |[e IO} JoaTeMm PaNSIP 10 PSZIUOIBP 3SN,
‘pIoe 21j9Je B8} Sulwelp ausjAyle ‘v1a3

‘uonei
mc::u aleuoqJealq ppe .Co_ﬁ.__ow yauels
N X956°€ X |w =eb/zo) us an|g-res|d EO-IM N TO |W 0T ‘IOH %06 W G2 ‘OH Iw 00T Wz S
urL
‘uonn|os yalels
ppe uay ‘sainuiw Qg Joj yrep ul ade|d
pue .v_wm_% Lwaaoum .X_E 0] MIMS ‘uonnjos
€T7'T X (FO%S%N-N X f0%s%N aulpol N T°0 |w 0§ pue *O0SH "ouod jw
W — ZI-N X ©l Jw) =(1eb/z0) O°H-<Od9eN  ssaiojod-anig  fOSEN N T'0 G PPV “isey aulpol pasaddoss-sse|d asn Iw g O°H-“0d*HeN
.‘_®U>>OQ apIXainw
N X99G'T X |w 4ebjzo) IN  ojdind-sbueio V1a3a N T0 pue ‘HOHN "2U02 W 0Z ‘OH W 00T w g IN
[930IN
‘(uoire|noes ay) Joy pasn are
Jw 8sayy) 0'6 HA 01 dYeNL "dINUIW T INS
‘UoNN|OS BJYINS WINIPOS |W GZ PPY "0°0T
Hd o1 pazipsepuels Ajsnoinald Jarew Hd
N X2€2°9T X |w =(|/6) OHOH IDHN T0 e Buisn ‘06 01 Hd 1snlpy "OH |w 00T wg OHOH
‘00T
Hd o1 pazipsepuels Ajsnoinaid Jarew Hd
N X 08 X |w =(1/6) HOeN IDHN T0 e Buisn ‘G'0T HA 01 8reni]l "Of |W 0ST jw g HOeN
‘oreniu
[e1@oeAxoiad ppe pue ‘4 0T 01 yeay ‘en|q
N X 22T°€ X |w £7/6) nD udaib-aidind V1a3a N T'0 dasp 01 HO'HN "2U02 ,'Of |W 00T w02 no
Jaddop
(uenn-\ ‘N ‘lw) suopenoed  abueyd 10j0D wen| (paisi| 49pi0 Ul pappe aq 01) azis o|dwes yreg

sjusbesy

suonn|os Bune|d ssaj0199|3 10} SPOYIBIA 131 "X| d|qel



*SUONN|OS |[e 10} I3Tem Pa|IlsIp Jo paziuoiep 8sNg
'z "Bi4 Ul poylaw ayeula)e osfe 995,

N X020 X
("osH @81} 10} HO®BN |W — "OS°H

[e30L 104 HO®BN |w) = (jef/zo) |v 4
‘ulafeyiydjouayd
N X80€'T X |w = (jeb/z0) *OsFa14 Quid-ss8110j0D HOEN N 0T pue ‘uonn|os 4y |w 0T ‘OH W 00T WG "OsH ea14
N X80€T X |w =(1ef/zo) '0S*H [ejoL uid-ssaji0j0D HOEN N 0T ‘uisreyiydiouayd pue OH |w 00T wg YOS®H [eloL
aunyNs
oY
Hd o1 paziprepuels Ajsnoinaid Jsyew Hd
N XEEG0 X |w =(jeb/zopFo 914 Muid-ssa}ioj0o HOBN N 0'T ' Buisn ‘Go°g Hd 01 81enil "OH |w 00T |w Gz ©10 ea14
‘uonn|os
Uouels pue ‘I3 %0T |W ST ‘|OH "2u0d
|w GT ‘dpuoniig wniuowwe b z 4 O°H
|w 00T PPe 201s Jo |w 0T enadid %2035 JO
N X6T2'2Z X |w = (1eb/z0)&10 S$S9|40]00-aN|g EOSENNTO "OLIBWN|OA W 00§ Ol djdwres |w OT jw 0T 010
ooy
(uenn-N ‘N ‘jw) suonenoen abueyd 10j0D weniL (pesy| Japio ul psppe 8q 01)  8zIS sjdwes yreg
sjuabeay

suonn|os Buizipouy 1oy SPOYIS|A 1s91 "X d|gel



uonnjos ‘6's/(N YOSZH 2O°H
X¥06%7°0 X W) =(%00T) BN %  usaif/mo|ieh-pay HOEN N 0T "abuelo |Ayrow pue OH |w 00T jw 0T + "OS®H
uonnjos "6's/(N x0086°0
X W g) =(%00T) "Od®H W %
uonnjos "6°s/[N X¥06%°0 X
(lw g — W V)] =(%00T) 'OS“H M %
‘anoqe
jwg pas-sidind HOBN N 0T uonnjos ay 01 uisfeyydiousyd ppy
Wy usaib/moleh-pay HOBN N 0T "abuelo |Ayrew pue OH |w 00T |w 0T YOS°H + "Od®H
uonnjos "6's/(N
X900°02 X |w g) =(%00T) 4H W %
uonnios "6's/[T0€9°0 X (N X |w g X 0T “Jayng apuonj) |w € ‘mojjak
— N X |W V)] =(%00T) ©ONH WM % 01 yuid woyy asimdoip ONH %z “Huid
jwg NuId-MOJ[PA Y(ONJUL N T'O 0} HOBN N 0T ‘utezlly ‘OH |w 00T jwt
Wy  usaib/moleh-pay HOEN N O'T “abuelo |Ayrow pue OH |w 00T Iw 0T 4H + *ONH
uonnjos "6's/(N
X060 X W) =(%00T) "BSM % uaalb/moljaA-pay HOEBN N O'T abuelo [Aylaw pue OH |w 00T Jw 0T OS%H
uonnjos "6's/(N
X00860 X |w) =(%00T) Bd %  usaif/moleh-pay HOEN N 0T "abuelo |Ayrow pue OH |w 00T jw 0T "OdtH
uonnjos '6's/(N
XT0E9°0 X W) =(%0@NH M %  usaib/mojieh-pay HOEBN N O'T "abuelo |Ayrew pue OH W 00T Jw 0T EONH
wy(N ("aremge) onse|d asn :910N)
XT00Z X W) é5600T) 4H W % uid-ssa}ioj0D HOBN N 0T ‘usretpydiousyd pue OH |w 00T 6z 4H
uonnjos "6's/(N
X9¥9€°0 X |Wps60T) [OH W % udaib/mo|eA-pay HOBN N 0T "abuelo |Ayrow pue OH |w 00T Jw 0T IOH
uonnjos '6's/(N
XT8.8°0 X W) =(%0aTdM W %  udaib/mo|eA-pay HOEBN N O'T "abuelo |Ayrew pue OH W 00T Jw 0T v4aH
uonnjos "6's/(N x (proe onio)
S002°0 X |W) = O°H-*OHIIM % yuid-ssa}ioj0D HOBN N O'T ‘usretpydiouayd pue OH |w 00T |w 0T O°H-*O°HO%H
uonnjos ‘6°s/(N x
§009°0 X W) = (%00T) “COHM % uid-ssa}ioj0D HOBN N 0T ‘ursreyydiouayd pue .OH |w 00T jw 0T COPH“OH
(uenn-n ‘N ‘|w) suonenofed abueyd 1oj0D wen | (paysi| 1apio Ul pappe aq 01) ozIS d|dwes yreg

sjuabeay

suonnjos Buiysijodonoa|g pue sdig pIoy J0} SPOYIBIN 131 ‘IX d|qe.L



'SUONN|OS |[e 10} JoYeM P3J|NSIP 10 PIZIUOIAP 3S,

Tz z Xerendioaid Jo sweib

‘yBrem pue ‘101ed0ISep

ul 009 ‘D 0TT e uano ul AIp ‘O°H

10y yum arendioald ysem ‘a|gionio yoooo
paJe} ul Jeyi4 “Buljioq 0} uonnjos resy
‘sinoy y—¢ 10} puels 0} UoINjOS MO|lY
"OH 104 W 00T “(®N)ed %0T W 0
ppe ‘Jeay wolj dA0wWal ‘senuiw Og [1oq

ur yBrem) = (1ef/zo) "'0SH %00T ‘uonnjos Buronpai jw 00T ‘OH W 00T [VR=r4 "OS°H
‘uonn|os
yorels pue ‘|y %0T |w 0T ‘|OH "uod
|Ww GT ‘@puonyig wniuowwe b Z ‘O°H

|W 00T Ppe X203s Jo |w QT anadid isey f010
N X6TZ'2Z X W =(1eh;zo)&10 $S8140]02-aN|g EOSBNNTO JLIBWINIOA [W 00§ Ol Sjdwes |w-0T Xo01s Jo W 0T "OS°H + %010
uonnjos "6's/(N
XGpe'8Z X W) =(%00T) “OA W 9%  xuid-ssa|iojoD YOUNM N T°0 TOSH %02 |W G2 pue OH |W 00T jw g “O°H
(uenn-N ‘N ‘jw) suonenoen abueyd 10j0D wenL (pa1sy) Jopio ul pappe 8q 01)  8zIS sjdwes yreg

siuabeay

("uo2)suonnjos Buiysiiodonosl3 pue sdig pIoy 10} SPOYIBIA 191 “IX d|qeL



PIVT X (N X WO — N X |WgXZ
— N X |w V) =(1eb/z0) OHS-f0IS%®N
N XZ0€T X |w O =(1eb/zo) NOeN
N >98T°2 X |w g = (1eb/zo) '0d%N

sjusbeay

[ITe} piquni-res|o GNBY N T'0 ‘IM %0T |W 0T pue OH W 00T |w 0T
‘ulgjeyydjouayd ppe pue
|wg Muid-ssal0j0D HOBN N O'T ‘009 ‘S8)NuIW G UOIIN|OS BAOCe |l0g
OHS-f0IS%N
Wy  paiyabuelo-molsA IDHNO'T ‘abuelo |Ayrsw pue OH |w 0ST jw 0T + NO®BN + "0d%N
20270 X (N X Jw
g X Z — N X |wy) =(eb/zo) f0d%N
N >98T°2 X |w g = (ef/zo) '0d%N
‘ulareyydjouayd ppe pue
wg v_c_Q.mwm_‘_o_OO HOEBN N O'T ._Oou .mmusc:\c G uonnjos aAoQe |log
"od%N
Wy  paiabuelo-mojPA IDHNO'T "abuelo [Ayisw pue OH |w 0ST |w 0T + f00%N
2020 X (N X
W g — N X wy) =(eb/zo) F00%N
N X20€T X |w g =(reb/zo) NOeN
Iw g piqun}-1es|o GNBY N T'0 ‘I %0T |W 0T pue OH W 00T |w 0T
Wy  paiyabuelo-molsA IDHNO'T "abuelo |Ayisw pue OF |w 00T Jw 0T NOBN + f00%N
N X20€'T X |w =[eb/zo) NOeN pigini-rea|n 6NBY N T'0 ‘IM %0T W 0T pue O |W 00T |w 0T NO®BN
HO®N
N X€€G0 X |u(eh;z0) HOeN mo||eA-abuelo [DHNO'T "afuelo oyns pue OH |w 00T |w 0T NOEBN + HO®EeN
N X€€G0 X |w g =(jeb/z0) HO®BN
N X200
x(w g — |w v) =(eb/zo) f0o%N
WYy  paiabuelo-mojPA IDHNO'T "abuelo [Ayisw pue OH |w 00T |w 0T
lwg Mmo|[@A-abuelo IDHNO'T "abuelo ojns pue OFf |W 00T |w OT HO®BN + f00%N
N XG9T'0 X |w =(jef/zo)e@®  pai/abuelo-mo|eA [IDHNO'T ‘abuelo [Ayisw pue ,OH |w 00T |w Gz 0%N
(uenn-N ‘N ‘|w) suonenofed abueyd J1oj0D wen | (paysi| 1apio Ul pappe aq 01) aziS ajdwes uonnjos

SIaUBaID BUIIRlY 10} SPOLION ISDL “IIX BlgeL



'SUONN|OS |[e 10} JoYeM P3J|NSIP 10 PIZIUOIAP 3S,

€660 X (N X WD — N X |w

9 X2 — N X |wy =(eb/zo) HOeN
N X20€'T X |w O =(jeb/z0) NOeN
N X98T'2 X |w g = (jef/zo) *0d%N

jw o pigini-1es|o AGNBY N T°0 ‘I %0T |W 0T pue OH |w 00T jw 0T
0'T "wdreyiydjouayd ppe pue
wg xc_Q-mww__c_OO HOEeN O'T »_OOQ .ww:._:_rc G uonnjos anoge |log
Wy payabuelo-mojdA  [OH N O'T "abuelo [Ayrsw pue OFf |w 0GT |w 0T NOeN + 'Od%N + HOeN
N X98T°2 X |w g =(1eb/zo) '0d%eN
PIVT X (N X WD — N X
wg— N X |wy) =(eb/zo) f00%N
N XE€ES0
X (wv — w9 x z) =(jeh/zo) HoeN
WD  SS3|0j0d-quId [IDHNO'T ‘utereyiydiouayd pue OH |w 00T |w 0T
0'T "wdreyiydjouayd ppe pue
wg xc_Q-mww__c_OO HOEeN O'T »_OOQ .ww:._:_rc G uonnjos aAoge |log
od%N
Wy payabuelo-mojdA  [OHNO'T "abuelo [Ayrew pue OH |w 0ST jw 0T + f00%N + HO®EN
(uenn-N ‘N ‘jw) suonenoey  ebueyd 100D wenL (pa1sy) Japuo ul pappe 8q 01) 8z|S s|dwes uonnjos
siuabeay

("u02) s1sued|D BUIEN|Y 10} SPOYIBIN ISBL “IIX dlqeL



Table XIIl. Alternate Method for Chromic Acid

Degrees Baumé Oz/gal-CgO Degrees Baumé Oz/gal-CgO
1.50 2.1 19.00 29.0
2.00 2.8 19.50 29.8
2.50 34 20.00 30.6
3.00 4.1 20.50 315
3.50 4.8 21.00 324
4.00 5.5 21.50 33.3
4.50 6.2 22.00 34.2
5.00 6.8 22.50 35.1
5.50 7.5 23.00 36.0
6.00 8.2 23.50 37.1
6.50 8.9 24.00 38.2
7.00 9.7 24.50 39.1
7.50 10.4 25.00 40.0
8.00 11.1 25.50 40.9
8.50 11.9 26.00 41.9
9.00 12.6 26.50 42.9
9.50 13.4 27.00 44.0
10.00 14.2 27.50 45.0
10.50 15.0 28.00 46.0
11.00 15.8 28.50 47.1
11.50 16.5 29.00 48.2
12.00 17.3 29.50 49.2
12.50 18.2 30.00 50.2
13.00 19.1 30.50 51.5
13.50 19.8 31.00 52.7
14.00 20.4 31.50 54.0
14.50 21.2 32.00 55.2
15.00 22.0 32.50 56.3
15.50 22.9 33.00 57.5
16.00 23.7 33.50 58.7
16.50 245 34.00 60.0
17.00 25.4 34.50 61.2
17.50 26.3 35.00 62.3
18.00 27.2 35.50 63.5
18.50 28.1 36.00 64.8

Procedure: 1. Cool the solution to room temperature after testing.
2. Determine the density of the solution with a Baumé hydrometer.
3. Read the oz/gal of chromic acid (Gglzorresponding to this density.



Table XIV. Alternate Method for Copper Sulfate

Copper Sulfatet

Copper Sulfatet+

Sulfuric Acid Sulfuric Acid
Baumé (oz/gal) Baumé (oz/gal)
1.5 2.8 14.5 24.7
2.0 35 15.0 25.7
2.5 4.3 15.5 26.8
3.0 51 16.0 27.8
35 5.9 16.5 28.8
4.0 6.7 17.0 29.8
4.5 7.4 17.5 30.8
5.0 8.2 18.0 31.8
5.5 9.0 18.5 32.8
6.0 9.8 19.0 33.8
6.5 10.6 19.5 34.9
7.0 11.5 20.0 35.9
7.5 12.3 20.5 37.0
8.0 13.1 21.0 38.1
8.5 13.9 215 39.2
9.0 14.8 22.0 40.4
9.5 15.7 225 41.6
10.0 16.6 23.0 42.8
10.5 17.5 23.5 439
11.0 18.3 24.0 45.0
115 19.2 245 46.1
12.0 20.0 25.0 47.3
12.5 21.0 255 48.5
13.0 21.9 26.0 49.7
135 22.9 26.5 51.0
14.0 23.8 27.0 52.3

Copper sulfate can be determined by taking the Baumé reading. This gives the combined copper sulfate plus

sulfuric acid. Subtraction of the ounces of acid leaves the ounces of copper sulfate.

This method of obtaining the concentration of copper sulfate plus sulfuric acid is not accurate if other

ingredients such as aluminum sulfate are present or if the solution is contaminated with iron.



