BasicPhotographic Chemistry2c0O

An introduction for the non-chemist

Traditional photography combines art, technology
and science, predominantly chemistry. From pre-
paring light-sensitive emulsions to developing and
creatingpermanentimages,photographicchemistryis
thebackbone oftraditional photography, controlling
exposure, development and fixation.

During the exposure, light is directed onto the
emulsion, where its radiation affects light-sensitive
silver salts and produces a latentimage. A chemical
treatment, calleddevelopment, turnsthelatentimage
intoavisibleimage, by converting the silver salts that
were affected by the exposure into metallicsilver. All
remaining silver salts, not affected by the exposure
and,consequently,notchangedbythedeveloper,must

fig.1 As of this writing, in 2010, there are subsequentlyberemovedtoproduceapermanentim-
118 elements known to exist, but age.Thisisaccomplished through another chemical
only a few of them find significant treatment, called fixing, which is followed by a final
use in silver-based photography. wash in plain water to remove chemical residue.
1 2
Lol Periodic Table of the Elements e
3 5 6 7 8 9 10
Li Be B C N (0] 7 Ne
" 2 13 1 15 16 17 18
Na | Mg Al Si P S Cl | Ar
19 20 2 22 23 24 25 26 29 31 32 33 34 35 36
K [Ca | Sc | Ti \' Cr |Mn| Fe [ Co | Ni |[Cu|2Zn | Ga| Ge | As | Se | Br | Kr
37 38 39 40 1 2 3 4 4 46 47 8 L 5 5 2 53 5
Rb | Sr| Y | Zr [Nb | Mo | Tc |[Ru|Rh |Pd | Ag|Cd| In [Sn|Sb | Te| | | Xe
Cs|Ba| |Hf|Ta|W |Re|Os|Ir |Pt|Au|Hg| T |Pb| Bi|Po| At |Rn
Fr | Ra Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Uut |Uuq | Uup | Uuh | Uus | Uuo
Lé Ce Pr Nd l;m Sm Eu Gd Tb Dy Ho Er Tm Y‘b Lu
Ac | Th | Pa| U | Np | Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

A thorough understanding of chemistry is not
required to effectively operate a darkroom.One can
successfully process film and paper, using commer-
cially available photographic chemistry, by simply
followingtheinstructions, withoutevergivingtheun-
derlyingchemical processesmuchthought.However,
preparing your own processing solutions according
to a chemical formula, using raw chemicals, makes
youindependent of commercial productavailability
and providesthe opportunityforcustomized process
optimizations.Inthefollowing chapter, youwillfinda
basicsetofformulaefordevelopers,astopbath, fixers
andotherprocessingchemicals. Tobetterunderstand
the purposeandfunction of theirmainingredients, it
willbebeneficialtohavearudimentaryunderstanding
of photographic chemistry.

Elements and Compounds
For much of its history, chemistry was a relatively
simple science with all matter divided into just four
elementary materials: air, water, earth and fire. This
changedin 1661 when Robert Boyle summarized a
better understanding of matter and proposed that
thereisadifferencebetweenelementsandcompounds.
Sincethen,anelementisdefinedasthesimplestform
of matter (atom), indivisible and with individual char-
acteristics, but, combined with each other, elements
cancreateanumber of compounds (molecules) with
distinctively different properties. As of this writing,
thereare 118 known elements (fig.1), but only the first
94 elements occur naturally on earth. The rest are
mainly short-lived by-products of nuclear reactions.
The number of possible compounds, on the other
hand, seems to be endless.

Compounds, created by chemical reaction, often
havepropertiesquitedifferentfromtheelementsthey
are made of. Forexample, the elements sodiumand
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chlorine are both extremely dangerous, but when
combinedchemically, they produce harmlesssodium
chloride, which we know as ordinary table salt. The
chemical equation for this reaction is written as:

NadCl

sodium chloride

Na + Cl =

sodium + chlorine =

Types of Compounds

Elements can be roughly divided into two groups:

metalsand non-metals.Compoundscanbeclassified

as being organic or inorganic. Organic compounds

aremainly composed of hydrogen, carbon, nitrogen,
oxygen and sulfur. Inorganic compounds usually

contain metallicelements. Another useful classifica-
tion of compounds (fig.2) differentiates four groups:

Oxides are compounds of oxygen and other ele-
ments. Examples are sulfur dioxide (S+ 0> =S0,)
and sodium oxide (4Na+ Oz = 2Na;0). Many
oxidesaresolubleinwater,and,dependingonthe
type of element combined with the oxygen, this
results in either an acid or a base.
Acidsareformed when the oxides of non-metallic
elementsaredissolvedinwater.Forexample,sulfur
dioxidedissolvedinwaterproducessulfurousacid
(SO2+H20 = H,S0:s3). Acids are sour and have a
pH value < 7.
Basesareformedwhenoxidesofmetallicelements
aredissolvedinwater.Forexample, sodium oxide
dissolved in water produces sodium hydroxide
(Na20 +H,0 = 2NaOH). Bases are alkaline and
have a pH > 7.

Salts are typically combinations of acids and
bases. For example, when sulfurous acid reacts
with sodium hydroxide, sodium sulfite is formed
(H2S03 4+ 2NaOH = Na;S03 + 2H;0). Sodium
sulfiteis found in many photographic formulae.

pH

The ‘power of hydrogen’, or pH, is a measure of
strength for an acid or alkaline solution (fig.3), and

measured pH values typically range from 1 to 14.
Roughly speaking, the pH value is the negative loga-
rithm ofthehydrogenionconcentration,butitismore

importanttorememberthatacidshave pHvalues <7
and bases have pH values > 7. Distilled water is said

to be neutral with a pH of 7.

2 Way Beyond Monochrome

Precise pH measurements require sophisticated
pHmeters, butsufficientlyaccurate pHvaluescanbe
obtained with a litmus test. Litmus is a water-soluble
dyethatchangesitscolordependingonthe pHvalue
of the solution with which it comesinto contact. Test
papers, containing litmus, turn brightredinacid solu-
tion and deep blue in alkaline solutions. The actual
pHvaluecanbeestimatedbycomparingtheresulting
color to a calibrated color chart.

A pHtestis useful for darkroom workers, because
the pH value of a photographic solution is often an
indicator of its freshness or activity. For example, a
fresh acid stop bath has a pH value of 4 or less, but
when in use, it will be continuously contaminated
with alkaline developers. The alkali carry-over raises
the pH value of the stop bath, and by the time it ap-
proachesapH value of 6, the stop bath has lost most
of its usefulness and must be replaced. In another
example, the pH value of a developer can be anindi-
cator of its activity. A changing pH value, due to age
orusage, will lead to process inconsistencies, which
can be predicted and controlled, after the actual pH
value has been determined.

Chemistry and Photography

In 1727, Johann Heinrich Schulze experimented with
several compounds of silver and noticed that silver
salts darkened under the influence of light. In 1802,
Thomas Wedgwood and Humphrey Davy coated
paper with a silver-salt solution and exposeditina
camera obscura to produce animage, which could
only be seen for a limited time. In 1834, William
Henry Fox Talbot suggested that a developer could
amplify a weak exposure of silver salts, turning a la-
tentimageintoavisibleimage,andin 1837,twoyears
prior to the official invention of photography, John
Herschel proposed sodiumthiosulfateasasolventfor
unexposed silver salts to create a permanentimage.

Emulsion

A photographicemulsionis athin layer of light-sensi-
tivematerialsuspendedinphotography-gradegelatin.
The gelatin makes it possible for the emulsion to be

coated onto a substrate of glass, plastic film or paper.
Threessilver salts have been found to be particularly

sensitiveto light:silver chloride (AgCl), silver bromide

(AgBr) and silver iodide (Agl), and as a group, they

are often referred to as silver halides.
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fig.2 Chemical compounds can be divided
into oxides, acids, bases and salts.
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fig.3 The pH value is a measure of how
strong an acid or alkaline solution is.



| have never considered myself to
be technical. To me, adding bro-
mide or carbonate toadeveloperis
about as technical as exposing for
the shadows. Every photographer
should know that!

Steve Anchell

Typical emulsions contain a mixture of two or
three silver halides, because they differ in light and
colorsensitivity. But,evenasagroup, they are mostly
blue-sensitiveandnotabletorecordtheentirevisible
spectrum. To make silver halides responsive to all
wavelengths of light, complex organic chemicals, so-
called optical sensitizers, are added to the emulsion.
Theyactasaninternal colorfilter, extending the color
sensitivity from blue into green and red.

During the exposure, light energy is absorbed by
thesilver-halide crystals, which produces a chemical
reaction within the salts. This creates a latentimage,
which is made visible through development.

Developer
Developersareabletodifferentiatebetweenexposed
and unexposedsilver halides. They liberate exposed
silver halides from their salts and reduce them to me-
tallicsilver,butunexposedhalidesremainuntouched.
The chemical process of development is rather com-
plex, and an exact equation cannot be given, butin
simple terms, the following reaction takes place:

AgdCl
AgBr > exposure > development = Ag
Agl

Developersolutionscontainanumberofingredients,
which can be divided into four groups:

Developing Agentsare relatively complexorganic

compounds,whichprovidetheelectronsrequired

to reducessilver ions to metallic silver. The most

commonly used developing agents are metol, hy-
droquinone and phenidone.

Accelerators increase the alkalinity of the devel-
operand provideadditionalionsto create metallic

silver. In general, the higher the pH value of the

developer,themoreactiveitis. Typicalaccelerators

aresodiumhydroxide,sodiumcarbonateandborax.
Preservatives are added to developer solutions

toprotectdevelopingagentsagainstoxidation. A
frequently used preservative is sodium sulfite.

Restrainers suppress the formation of chemical

fog, which is an unwanted silver production on

unexposed silver halides. A minute amount of po-
tassiumbromideeffectivelyreducesfog,butlarger
amounts affect the rate of normal development.

Stop Bath
Once the desired degree of development has been
reached,theprocessmustbestoppedquicklytoavoid
overdevelopment. This can be achieved through a
simple water rinse, but an acid stop bath is more
effective in neutralizing the alkaline activators and
stopping development almost instantaneously.
A dilute solution of acetic or citric acid makes
fora powerful stop bath. However, with developers
containingsodium carbonate, theacid concentration
mustbekeptsufficientlylowtoavoid theformation of
carbon-dioxidegasbubblesintheemulsion,because
this may lead to ‘pinholes’ in the emulsion.

Fixer

After the stop bath has successfully terminated the
developmentofexposedsilverhalides,allunexposed
halides still remain in the emulsion, because theyare
notsolubleinwater. Thisisof greatbenefitduringthe
developmentprocess,butduringfixing,theymustbe
removed completely, or they will eventually darken
upon further exposure to light, and the image will
not be permanent. This requires a fixing bath with a
number of ingredients:

Fixation Agents must dissolve all remaining
silver halidesand convertthemintowater-soluble
compounds.Onlytwo chemicals, sodiumandam-
monium thiosulfate,are knowntodothat without
negativelyaffecting thesilverimageorthegelatin
layer.Sinceammonium thiosulfate dissolvessilver
halides more rapidly than sodium thiosulfate, it is
commonly known as ‘rapid fixer".

Acidsare optional fixeringredients, separating fix-
ersinto acid and alkali solutions. Acid fixers have
the benefit of neutralizing any residual developer
solution and preventing emulsion swellingin the
wash.Often,acombinationofaceticandboricacid
isused.Acid-freefixersproducealessobjectionable
odor and are easier to wash out of the emulsion.
Preservatives are used with acid fixers to prevent
an accumulation of sulfur, due to a reaction of
thiosulfate with acids. Thisis achieved by adding
sodium sulfite, which quickly reacts with colloidal
sulfur and creates fresh sodium thiosulfate.
Hardenerscanbeaddedtopreventexcessiveswell-
ing of the emulsion during washing and protect
against physical damage. The most widely used
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hardener is potassium alum. Hardeners impede

washingandarenotrecommendedfornormalpro-
cessing, but they find use in special application.
Bufferssuchassodiumsulfiteandsodiumcarbonate

are used to stabilize the pH value of acid and alkali

fixers. If alkali fixers are preceded by an acid stop

bath, sodium carbonate must be substituted with

sodiummetaborateorbalancedalkalitoavoidthe

formation of carbon-dioxide gas bubbles.

Washing Aid
Afterfixing, emulsion and film or print substrate con-
tainaconsiderableamountofthiosulfate, which must
beremovedsonottoadverselyaffectlaterprocessing
operationsandtooptimizeimagelongevity.Washing
isa combination of displacement and diffusion, and
consequently not a chemical but a physical process.
However, certain chemicals can positively affect the
rate of washing and its efficiency.
AccordingtoModern Photographic Processing by
Grant Haist, a salt bath prior to washing was sug-
gested as early as 1889,and washingin seawater has
beenknowntospeeduptherateofwashingsince 1903.
Onaglobal average, seawater contains roughly 3.5%
salt,mainlysodiumchloride. Unfortunately, seawater
cannotbeleftintheemulsion, because theremaining
salts cause afading of thessilverimage under storage
conditions of high humidity and temperature.
The modern alternative to seawater is a washing
aid, containing up to 2% of sodium sulfite. Applying
awashing-aid bath priortothefinal washis standard
practice with fiber-base print processing, and s also
recommended for film processing. lt makes residual
fixeranditsby-productsmoresolubleandreducesthe
washingtimesignificantly. Washingaidsarenottobe
confused with hypo eliminators, whichare nolonger
recommended, sincerecentresearch has shownthat
minute amounts of thiosulfate actually protect the
silver image against environmental attack.
Analternativetousing sodiumsulfitealoneisusing
ittogetherwithsodiumbisulfite,whichisdoneincom-
mercial washingaids. This constitutes acompromise,
as lower pH values reduce emulsion swelling in the
wash, but lowering the alkalinity also reduces the
rate of thiosulfate elimination. To prevent calcium
precipitationand’printscum’,somesodiumhexameta-
phosphate,alsoknownasPhotoCalgon,maybeadded
to the washing aid as a sequestering agent.

4 Way Beyond Monochrome

Toner

Unprotected metallicimagesilveris subjected tocon-
stantattacks by reducingand oxidizing agentsin our
environment. The mechanisms ofimage protection

arenotentirelyunderstood, butthepositiveinfluence

of sulfide and selenium onsilverimage permanence

is certain. Toning baths, containing sodium sulfide,
polysulfide or selenium, convert the image forming

metallic silver into more stable silver compounds,
such assilver sulfide and silver selenide, and sodium

carbonate buffers the pH valuein polysulfide toners.

The information presented in this chapter was not

designed to withstand scientific scrutiny. Instead,
it was purposely oversimplified to provide a brief
overview and basic understanding of chemistry and

photographicprocesses,whiletryingtoavoidgetting

hopelesslylostin scientific detail. | trust this will make

somemorecomfortablewithphotographicchemistry

and instigate others to deepen their studies. Much

of what has been presented here can befound in far
moredetailinanexcellentbook, called Photographic

Chemistry by GeorgeT.Eaton, whichis unfortunately

out of print. | highly recommend finding a second-
hand copy of this book to anybody interested in the

subject of photographic chemistry.

% strength of solution
to be diluted

% strength of diluting
solution

50% acetic acid

mix 28 parts of acid
with 22 parts of water

water (0%)

A Note on Mixing Chemicals

The sequence in which chemical
compounds are listed in photo-
graphicformulae is not accidental.
Always add them one after the
other, according to the list.

a.

b.

fig.4a

fig.4b

weigh out dry chemicals onto
separate pieces of small paper
arrange chemicals in order and
add them one after the other

. slowly sift chemicals into water

while steadily stirring it

. make sure it is completely dis-

solved before adding the next
always add acids to water and
never the reverse, or spattering
may cause serious injury

add alkali and acids slowly, as
they may create intense heat
when dissolved or diluted

The crisscross method is a simple
technique of mixing two compat-
ible liquids into a target solution
of desired strength. It can be used
to create a working solution from
two existing stock solutions, or

it may help to determine how a
stock solution must be diluted

to create the working solution.

In this example, 50% acetic acid is
mixed with water (0%) at a ratio of
28/22 to create 28% acetic acid, by
subtracting the working strength
(c=28) from the stock strength
(@=50) and the diluting strength
(b=0) from the working strength
(c=28) and knowing how many parts
of each are required for the mixture.



BasicPhotographic Formulae

Typical Metric Units

(use in photographic formulae)

1kg=1,000g
1g9=1,000mg

11=1,000 ml
1 ml =20 drops

Among the plethora of developers, fixers and toners
are an essential few, which will persevere through
fashion and commercial profitability. The following
isacompletesetofbasicformulae, whichareessential
for archival processing. We do not recommend to
anyoneto prepare theirown chemistryasameans of
‘saving money’, but if you have a hard time obtain-
ing darkroom supplies in your area, or if you like to
modify proven formulae in order to obtain unique
characteristics, the information presented is agood
starting point. To see the whole gamut of darkroom
alchemywithallitsopportunitiesandalternatives,get
yourselfa copy of The Darkroom
Cookbook by Steve Anchell and
The Film Developing Cookbook

A Note on Safety

As with all other chemicals, there

are risks associated with con-
tact, inhalation and ingestion of
darkroom chemicals. We strongly

advise that you study the material

safety data sheet (MSDS) of each

chemical before using it. In gen-
eral, one must always observe the

following practices while handling

darkroom chemicals.

don’t smoke in darkroom

. don’t eat or drink in darkroom
wear goggles

. wear an apron

wear a face mask

wear rubber or latex gloves

. ensure good ventilation

. never inhale chemical dust
label chemical bottles clearly

QO "D Qoan oo

by Anchell and Troop, and add
themtoyourphotographiclibrary.
These books contain an unri-
valled collection of photographic
formulaeandeasy-to-understand
explanationsonhowtousethem.
Many chemical suppliers do
not sell directly to the public,
butthere are several suppliers of
photographic chemicals around
the world selling directly to pho-
tographers, including Silverprint
in the UK, Artcraft Chemicals,
Bostick & Sullivan and The
Photographers Formulary in the
USA. If you have difficulty find-
ing a qualified local source, start
by talking to your neighborhood
drugstore or pharmacy.They will
beabletoeitherpointyouintothe
rightdirectionormayactually sell
you most of what you need.

Equipment you need to get started:

1. anold fashioned chemical balance oramodern
electronic scale, accurate to at least +0.1 grams
and weighing up to 100 or 200 grams

2. plastic syringes of upto 1, 5 and 10 ml to ac-
curately measure very small liquid volumes

3. aset of graduated cylinders, ranging from 30
ml to 1 liter for measuring liquids and solids

4. plastic scoops for measuring out chemicals

5. one to three plastic beakers, holding 1 and 2
liters each, for mixing working solutions

6. a small and a large plastic stirring rod to keep

undissolved chemicals in motion

plastic funnels for pouring liquids into bottles

8. a selection of brown glass or plastic bottles to
store the solutions and labels to identify them

N

Initial Shopping List for Basic Chemicals

acetic acid (28%) 500 ml
ammonium thiosulfate 2kg
borax (sodium tetraborate, decahydrate) 5009
boric acid (granular) 2509
citric acid 1009
hydroquinone 2509
metol 1009
phenidone 259
potassium bromide 1009
potassium ferricyanide 2509
potassium iodide 509
potassium permanganate 109
potassium polysulfide (liver of sulfur or black salt)§
silver nitrate 5¢g
sodium carbonate (monohydrate) 1 kg
sodium hexametaphosphate (Photo Calgon)100y
sodium sulfite (anhydrous) 2kg
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D-76is a fine-grain, general-purpose film
developer for maximum shadow detail. It was
formulated in 1926 by Kodak and still is the
standard by which all other developers are
judged, becauseit offers the best compromise
between speed, sharpness and resolution.
Many deviations from this original formula
have been proposed over the years. A recent
suggestion is to omit hydroquinone and raise
metol to 2.5 g, creating D-76H, an environ-

D-72is aneutral-tone paper developer for
brilliant highlights and maximum blacks, very
similar to Kodak Dektol. Standard dilution for
this developer is 1+2. Dilute 1+1 for longer
shelf life and slightly higher Dmax, or 1+3
for warmer tones and softer shadows. It has
excellent keeping properties and an outstand-
ing development capacity. Replace with fresh
developer as soon as factorial development
fails to create potential Dmax. Increase potas-
sium bromide to up to 4 g for warmer tones,

ID-78is a warm-tone paper developer with
a formulation very close to llford Warmtone
and Agfa Neutol WA. It works well with all
modern neutral and warm-tone papers on the
market. Dissolve the phenidone separately in
50 ml of hot water (>80°C). Standard dilution
for this developer is 1+3, but it can be used
as strong as 1+1 for richer shadows. Replace
with fresh developer as soon as factorial

SB-7 is an odorless acid stop bath for film
and paper processing. It quickly neutralizes
thealkalinedeveloperandbringsdevelopment
to a complete stop. Its capacity is approxi-
mately ten rolls of film or 8x10-inch prints
per liter. Use prior to acid fixers, and precede

Way Beyond Monochrome

Film Developer (D-76 / ID-11)

distilled water 50°C/120°F 750 ml
metol 29
sodium sulfite anhydrous 100g
hydroquinone 5¢g
borax decahydrate 29
cold distilled water to make 1,000 ml

dilute 141 for standard film development

Neutral Paper Developer Dektol (D-72)

water 50°C/120°F 750 ml
metol 3g
sodium sulfite anhydrous 459
hydroquinone 12g
sodium carbonate monohydrate 80g
potassium bromide 2g
cold water to make 1,000 ml

dilute 142 for standard paper development

Warm-Tone Paper Developer (ID-78)

water 50°C/120°F 750 ml
sodium sulfite anhydrous 509
hydroquinone 12g
phenidone 059
sodium carbonate monohydrate 729
potassium bromide 459
cold water to make 1,000 ml

dilute 143 for warm-tone paper development

Odorless Stop Bath (SB-7)

water 750 ml
citric acid 159
water to make 1,000 ml



Std. Acid Rapid Fixer (SARF-1)

water 50°C/120°F 750 ml
ammonium thiosulfate 120g
sodium sulfite anhydrous 129
aceticacid 28% 32 ml
boric acid granular 759
cold water to make 1,000 ml

working solution for film and paper
use two-bath fixing method for film and fiber-base paper
with film, use as one-shot fixer for processing consistency

Alkaline Rapid Fixer (ARF-2)

water 50°C/120°F 750 ml
ammonium thiosulfate 120g
sodium sulfite anhydrous 159
sodium carbonate monohydrate 079
cold water to make 1,000 ml

working solution for film and paper
use two-bath fixing method for film and fiber-base paper

Hypo-Clearing Agent (HCA-1)

water 50°C/120°F 750 ml
sodium sulfite anhydrous 209
sodium hexametaphosphate * 19
cold water to make 1,000 ml

working solution for film or paper
* add with hard water supplies to prevent calcium scum

Polysulfide Toner (PST-8)

water 750 ml
potassium polysulfide(black salt 20g) 759
sodium carbonate monohydrate 25¢9
water to make 1,000 ml

working solution for direct paper toning

SARF-1 is a standard non-hardening, acid,
rapid fixer for film and paper. The omission of a
hardenersupportsarchival washingand makes
it easier for spotting fluids to be absorbed by
the print emulsion. Dissolve the boric acid
separately in 80 ml of hot water (>80°C) and
add last, or substitute with 9 g of sodium
carbonate to create an almost odorless version
of this fixer. We recommend using the two-bath
fixing method for film and fiber-base paper,
both at full fixer strength. The first fixing-
bath capacity is approximately ten 8x10-inch
prints per liter.

ARF-2 is a non-hardening, alkaline, rapid
fixer forfilm and paper, supporting an odorless
darkroom environment and significantly re-
ducing washing times. To conduct an entirely
acid-free process, do not use in combination
with an acid stop bath. Instead, follow de-
velopment by a 60s wash in plain water, and
use the two-bath fixing method for film and
fiber-base paper at full fixer strength. The
first fixing-bath capacity is approximately ten

HCA-1 is a washing aid for film and paper,
used subsequent to acid fixers. Treat films for
2 and papers for 10 minutes with slight agita-
tion. Used after a preceding water rinse, the
capacity is approximately twenty rolls of film
or 8x10-inch prints per liter. With hard water
supplies, add sodium hexametaphosphate
(Photo Calgon) to prevent the formation of
calcium scum on the emulsion surface.

PST-8 is a direct polysulfide toner for
modern papers, similar to Kodak Brown Toner
or Agfa Viradon, and can be used at room
temperature. Wash fiber-base prints for 30
minutes without washing aid prior to toning.
Please note that this toner produces toxic
hydrogen sulfide gas, as well as the offensive
odor that goes along with it. Only use with
adequate ventilation. Alternatively, a 2%
solution of black Himalayan salt can be used.
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