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PREFACE 

This report presents a. summary of the Free Radical Film Development Program 

being carried out at Horizons Research Incorponted, Cleveland, Ohio. The Free 

Radical System is a very high resolutlm molecular dye medium capable of producing 

camera speed film. This project has been sponsored um:ler the auspices of the 

National Reconnaissance Office (NRO) and manai:ed by the Central IntelUgenee Agency 

(CIA). Thili report discusses the backgrwnd ol Free Radical Film denlopment and 

the rationale for its use in National Reconnaissance Program (NRP) System&, In 

addition. the theory cl. Free 811.dic&l reactions, current status, a.nd the future progr11.m 

plan are presented. 
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SECTION I 

BACKGROUND 

1.1 lliTRODUCTION 

Current pbctographic rcconnals5ance systems :In the Nation:u Reco11nais11ance Program (NRP) are extremely limited by the choice of films 

whieh can be flown. The most commonly used film in the NRP today is Film Type 1414 which is on a 1. 5 mil Estar base. This film typo has an 

aerial film speed cl 15. 0 and a low contrast (1. 7 : 1) resolving power or 260 cycles/mm. 

Even though 1414 is the highest resolution film curr11ntly used, it is rapidly becoming a Si1P1liicant limiting factor to ultlmate syAtem 

performance. In other words, the .state-of-the-art of today's satellite reconnaissance systems has achieved a le~l of performance where the 

recording medium is a. contributor to performance deiI'adation. Ao example of this is shown in Figure 1-1, where the nominal MTF r:J. the 

HEXAGON Optical System is compared with the MTF of 1414. It can be seen that the MTF of the film i.s nearly identical to that of the tens, n 
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situation which results in recording less information than the lens is baeically capable of transmitting. Tha linal reduced MTF ts shown as Curve C. : 

Table 1-1 shows a comparison of Pree Radical versus Film Type 1414. lt can be seen from these value8 that if Free RloldicaI were flown in 

the HEXAGON System that performance would improve by a.pprox.iruately 40 percent. 

TABLE 1-1 

COMPARISON OF FREE RADICAL VERSUS 1414 PERPORMANCE '\J/ITH 

HEXAGON AT 82 NM ALTITUDll! 

Ground Fle!'!olved Distance (GRD) 

Solar Altitude 
(degrees) 

10 

30 

50 

Free Radical 
(feet) 

2.0 

1, 8 

1. 6 

NOTE: These are two sigma low value!. 

1414 
(.feel) 

2,9 

2.4 

2.2 
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FIGURE 1-1 

COMPARISON OF HEXAGON LENS (MTF) AND 1414 FILM TYPE (MTF) 
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It iR our goal to attain a recording media. that maximizes system capabllity and, hence, minimizes informational loss. The fundamental 

proble:n, however, is the inherenl limitation a. the silver halide recording media. 

Because of the fundamental nature of silver halide recording materials, there ia alwaya a apee(Jiresolution trade-off. Figure 1~2 lllustrates 

this point. This figure plots !!:peed versus resolving power Ior li!everal of the more common aerial films. It can be seen that there is a log-linear 

relationship between speed aod resolving power. Whal this xueax11, is, that lf major improvements tn film image quality are to be made, they will 

only be achieved with significant losses in speed. The conclusion is that !:iigni!icant Improvements in image quality of silver halir.le mms are not 

practical wl1lle maintaining usable camera speed. 

The problem can be summarized as follows: 

A. Current silver b11.lide films are causing a reduction in the optimum per!onnance of the satellite systems. 

B. To maximize performance at NRP ph.oto/aptica.l systems, higher resolution films are necessary. 

C. SignU'icant practical improvements in the image quallty of silver halide film.A is not expected based on the current emulsion technology. 

1. 2 HISTORICAL SUMMARY 

Tha term "Free Radical Photography'' wais coiMd at Horh:ons Incorporated to identify a new light-activated color-forming chemical reaction 

invented by Dr. Eugene Wainer 1n 1958. The name orie:inated from the belief that the color-formini reaction wal:i initiated by the splitting of carbon 

tetrabromide under the influence o! light into two free radicals (Br- and CBr3) which was th1m followed by chain-propagated condensation or 

oxidation reactiws yielding several molecules of dye for each photon absorbed. This reaction and the mechanism of formation of the dye wa,; first 

disclosed at I.he Rapld ProceAsing Symposium held in Wishingtoo, DC, on October 15, 1960. This and other photo-chemical reactions were 

covered under United States Pa.tent No. 3,042,516 (July 1962). Since this time, appradma.tely 100 pa.tents have been issued and/or applied for. 

Sample coatings and a brie!in~ o! these light-sensttlve materialll were gtven to repre1,e11tative1, of the hlr Force. This led to a contract 

being awarded on December 1, 19!59. The goa1 ai this contract was further improvement of the process and included: (1) extending: the spectra.! 

sensitivity into the visible r~gion, (2) increasing photo-spied, and (3) investigating the chemistry of the process. The first year's work re!lulted 

in discovery cl. a new visible liibt-sensitive system based on mb:tures cl:. styryl or c:vanine dye bases activated by carbon tetrabromide. 
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FIGURE 1-2 

NOMINAL SPEED VERSUS NOMINAL LOW CONTRAST RE SOL V1NG POWER 

FOR SEVERAL AERIAL FILMS 
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All a result of the Erst year's work, the Air Force awarded a follow-on contract sbrtini; in February 1961. During the Recond ye;1r•~ work, 

three dilfereul photo-systems were inve1,ligated. Work on all IJ1ree photo-bj'Stems was undertaken in the following areas: (1) analysis of lmage 

dyes, (2) study o! reaction mechrmiFms, (3) improvements in speed nnd ;,pectral respon!!e, (4) ~ynthesis and testing of new activator compounds, 

(5) speed increases through variation of formulation, (6) iove1,tigation of dry-fixing methods, and (7) studies on the quantum yield o£ the photo-

reaction. Considerable prog:reiss was made in all phases al the work. Good quality hand coated film!! of the cart,ocy:rnine base system were made 

on a Mylar base which had jet black tmage color, P.Xcf'llent continuous tool!, medium contra!lt p;radation, and a resolution of at lea.Et 250 lines 

per millimetl!r_ Solvent fixing was still required, and speed was relatively low, 

Support for this work was continued by the Air Force starti.11g in February 1962, The research WRA ciirectcd along the same liues as the prior 

yeiu-'s coulract excepl for a new ernpha.sie on fundamental 1;,tudlcs d. the kinetics of the free radical image forminp; reactions. A survey w:ui made 

of nll literature dealing with free radical a.nd :iutmidation reaction ml!'ch:rnisms, ,..ith particular referenc:'1 to inhibitors and accelerators of chain 

reactions and kinetic !!h.tdies of these phenomena. 

Government sponsorship continued along: the same research li.nel:i through the end of 1966. The main thrust of this effort was directed at 

formulaiion development. Film speed continued to increase. By the midd!P. of 1!l66, the speed was approaching an ASA oC O. 01 or roughly a 

1,000 times speed increase oval' the initial process. There is no direct corrclntion between ASA and AFS speedl'!I; generally however, ASA speeds 

are 2 to 3 times greator than AFS speeds. 

Aiso, in mid-1965, it was found that a w1iform poi;t-e1-potiure to se1',cted radialion of longer wavc:>le11gth than the imagP exposiug radiation 
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~ produced image amplification on the order of 100 to 10,000 times. This dry development process h:ui been termed Red-Lite Development (RLD) and ~ 
~ ~ 

(,.) was a mnJn impetus for procc.>l!ding on to a camera speed film. ln the same time period, a limited eHorl wag spo111:1urcd by th~ Air Force on a 

higher !!peed leuco system. 

In the perioo from 1907 thru micl-1969, the emphw.siB on Free Radical Syi,tems slllfted. to Duplicating and Laser Recordinp: fil1u.s. 

By January 1969, the following Free Radical Systems had been rlPveloped: 

A. ATomatic Amine CondP.nsation System 

A low speed prini.oul system with no RLD processing capability. 

1-5 
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B. N-vin:,l Carbozole System 

A low speed photo-polymerization l'!ystem best employed for photo-resist applicntioM. 

C. Dye Base System 

A system comprising an a.rmoatic amine dye base and an acid to produce a color dye with RLD capabllity. 

D. Leu.co Systems 

Good speed system, capable o{ RLD processing. 

The latter two sy11tem11 are the ones which !orm lhe basis ol the current system. 

In tht- latter part c:l 1909, new emphasis was pla.cC!d on the developme11t or camera speed films. The sheU life problem and spectral 

sensitization were at prime concern. Dy the end of 1970, ASA speeds of fi to 10 had been demonstrated and spectral sansitivlty to 610 naoomelers 

had been produced. The shelf life vas still poor (15 to 30 minutes), and the 11:amma and contrast were low. 

During 19'11, poly-vill)'l alcohol (PVA) overcoats wl!rl! investigated lo incr1:1a;,a !!helf liie. By mtd-1972, an overcoat wa.s tound that 

significantly improved the film's shelf life. 

In late 19'72, a new bioder material was utilized and better chemical inhibllors were discoverec leading to improved photographic properties. 

During 1973, the emphasis was concentrattd on denlopinl!: a chemistry that would lend itself to ma.chine coating. 

Figure 1-3 presents a tec!i.oical wmmary o! the development and significant milestoruts of the Free R;;;.dlcal Film Development Program. 

1.3 SUMMARY OF FREE RADICAL ADVANTAGES 

The·followtng ls a summary of soine of the advantagfs al using Pree Radical \·e-rsus the silver halide films: 

A. Hi¢1.er resolution which is possible due to the molecular e:tructure of the dye image versus the largn grain .size io silver Urns. 

8. No grain noise vcrsui; large level grain nois11 in silver. This fcctture allows for a higtier DQE on the order a( 3cfl:: to 40'.'~ versus f';, 

to ~~ll for silver halide. This iodica.tes that Free Radica.1 ls more capable than the i;ilver filras of recording low crotrast, low detectability images. 

C. Since they are i;:r.cilllesa, Horizons' camera speed films show 1uuch w;reater potential for computer disection, reconlitruction, and 

manipulation than a.nythin11 possible with silver irrain material!!. 

D. The iinali:'e in Rorlzoll!I' camera- speed films appearis lo be one which le formecl throughout the eatire depth c:I. the photo-sensitive 

BYE l!\266-74 

n 
0 
U7 
1----1 
N 
co 
ill 
1----1 
w 

)> 
-0 
-0 

~ a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
ul 



C05128913 
Approved for Release: 2025/07/25 C05128913 

-[l:!l>J>li\iUJSIU .Ji!,l;illli!rt!Y!;ilA'.aa -

Approved for Release: 2025/07/25 C05128913 



)> 

~ a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
(,.) 

::POP OECRE'P- 20016/HEXAGON/GA1\-1BIT 

layer. Experimental evidence indicates that the image 1!1 not Ii. surface, middle, or lower layer imaie, This implies a wider range of focus than 

silver films allow when these materials a:re used in the camera. The critical focus problem experienced with most hi&h resolution camera systems 

util1zing silver halide film could be relieved by the use of this material. 

E. The dye i.matle is an absorbing and not scattering material: therefore, subsequent dupllcations of this high resolution dye image would 

also produce images of finer detail and higher :resolution. 
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SECTION II 

THEORY 

a. 1 INTRODt'CTION 

Free lladica.l pboto[l:raphy may l>e defined chemically as the !ormatlon of dye as a consequence o! exposure to electromagnetic or corpuscular 

radiation ot: a composition cootaining a dye intermediate and a Free Radical progenitor. In some cases, the dye intermediate itsel! may be the 

Free Radical progenitor. 

2. 2 DESCRIPTION OF FILM AND PROCESS 

Horizons' Camera. Speed Film depends on the formation of organic dye molecules (visible dye) as a useful imsige, see Figure 2-1 for a diagram 

of the chemistry tnvolved in the dye-forming reactions. Tile useful ilnai::c is produced from the formation of a ligtat-!!ensitive complex between 

an organic halide cornpound called tile "activator" and the dye former which is an orga.nlc amtne. The dye former in the Horizons' Camera Speed 

Film is referred to as D-260. The photographic layer of the film is composed primarily of the dye former aud lhe activator ln n mixture which 

also includes a plastic binder. When eiq;>osed to lip;ht, the absorption of a photoo leads to the breaking: down al the complex and the production o! an 

energetic one e~ctron species ca.lied "free radicals". The reaction proceeds to the point where the end is the formation of a stable orianic dye 

molecule. 

'Ihe processing after e.,qJosure closely parallels the 6teps which arc rounrl in :oiilver halide film processing, After exposure, the latent image 

is amplified by the Red-Lite Development (RLD) Process. This optical cievelopment process i!i portrayed in Figures 2-2 thru 2-4. This is the 

counterpart al liquid devt!lopment in silver halide photography, During this process, the mm is exposed to a uniform selective wavelength 

red light exposure which is currently within the range of 665 to 725 nanometers. The choice of the development wavelength is tied to the ampllfi­

eation desired and the particular combinai1on ot ing-rcdlents to the photo-sensitive layer. This development process is capable of amplllications in 

the order of lt000 to 100,000 times. It appears that the TILD Process work& by the image dye absorbing ligbt at a longer wavelength than the 

photo~sensitive complex. The photo-sensitive complex was previously given as being composed of the dye former and tM activator. The 

Red~Lite Development Process is selective, as is the silver ftlm organic development cycle. Only the latent imall'e dye absorbs the longer RLD 
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CHEMISTRY OF DYE-FORMING REACTIONS 
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TOP SECRET- 20016/HEXAGON/GAMBIT 

OPTICAL DEVELOPMENT PROCESS 

BAND PASS OF 
SBNSl:TIVITY ABSORPTION RLDENERGY 

LIGHT-SENSITIVE 
COMPLEX 

~ 
~ ~ 

I I RED-LITE 
DEVELOPMENT 

~ < co = < ~ 

400 500 600 665 700 800 

WAVELENGTH 

NOTE: The hash-marked area illustrates the :red light furnished by a cut-off or bami-pass filter selected to overlap absorption of image dye 
(blue) in a. region of little or no absorption of a light-sensitive complex (yellow). 

FIGURE 2-2 2-3 BYE 15266-74 

TOP SECRET· 20016/HEXAGON/GAMBIT 

n 
0 
U7 
1----1 
N 
co 
ill 
1----1 
w 

)> 
""C 
""C a 
< 
CD 
a. 

Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
(,.) 



I 

)> 
-cl 
-cl a 
< 
CD a. 
Q 
;:a 
CD 
CD 
Dl 
CJ) 

~ 
I\J 
0 
I\J 

~ 
~ 
(J1 

0 
0 
~ 
I\J 
CX> 
~ 
(,.) 

FIGURE 2-3 

TOP SBCRET · 20016/HEXAGON/GAMBIT 

HOW OPTICAL DEVELOPMENT WORKS 

LATENT 
L!GHT-SENBITIVE D.IAGE EXPOS1.J'RI: PRODUCBS 

EXPOSURE INVJ.81'.BLI 
AMOUNT OF DYE 

HED-L!TE DEVELOPMENT 

EXCITED NEIGHBOR BLUE DYB ABSORBS 
COMPLEX REACTS TO BED AND 
PRODUCE MORE DYE TRANSFERS ENEBGY 

TO NEXT NEAREST 
NEIGHBOR COMPLEX 

NOTE: The molecular d1mem1ion11 combined wltb the next nearest neighbor spatial requirements for 
energy tranater relllllt tn large mnpllftcatton factore wltbmt mealllmlble 1oos tn resohltlm. 

2-4 

TO:P S~C~ET 20016/HEXAGON/GAMBIT 
BYE 15261M4 
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FIGURE 

TOP scen1 T- 20016/HEXAGON/GAMBIT 

OPTICAL DEVELOPMENT POSTULATED MECHANISM 

1 . ligh I 11ns1h.,. c:omp111 ablorbl photon 11nd raised to ••citlld singl,t st.tie 

2. Exci11d 11inglti colltPMI to longer hv1t1 tnpl,t state. 

3 Triplet ltllll of i:ompl1J1 Ul'ICMfgoes ch9mic1I reac1ton 10 produce dye_ 

.f. Dye absorbs red light photon and 111i1td to txc•ti,d $1 nglet 1111111. 

5 Eiccit11d sil'lglet of dye collapses to long1r lived triplet 1111e 

6 Oya triplet at tiigher 1nergy thal'l comp1,._ t11pl•t Energy transfllt"red to 

produce more comph1• triplet wh,ch sub9equen1ly producH "10rl t1y1. (Step 3J. 
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wavelengths; the dye transfers this absorbing energy lo a. neiibborlng photo-sens1.ive complex which initiates the formation or addtttonal dye 

molecules. 

Once a visible image has been produced by RLD to the level required for the particular application, the film goei. to a flxit1i1 step, The !'ixer 

(solvent rinse) is a liquid leaching process which selectively removes the unused activator and the dye former from the plastic film matrix. Thie 

selectivity allows removing the unused activator which, if not removed, would tog tho mm when exposed to room 1111,'ht. This process does not 

remove the visible dye already formed by the latent im~ exposure in the cam.era and the subsequent amplified dye ima.ge produced a.fter the 

Red-Lite Development. The image dye ie not soluble in the fixing solution, but the dye formers and activator a.re. A summary of the film 

composition, exposure, development, .i.nd fixing i;tages a.re presented in Figure 2-5. 

The film 1a now capable of being handled in normal room light as would be the case with fully proceseed silver halide counterpart ma.terial. 
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FREE RADICAL CHEMICAL PROCESS 
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ORGANIC AMINE (DYE FORMER) MIXED WITH 
ORGANIC HALIDE (ACTIVATOR) FORMS PHOTO­
SENSITIVE COMPLEX IN PLASTIC MATRIX. 

VlSIBLE PHOTON CAUSES INTERACTION BETWEEN 
ACTIVATOR AND DYE FORMER MOLECULE TO 
PRODUCE LATENT (INVlSIBLE) IMAGE. 
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3. 1 INTRODUCTI01' 

SECTION m 

STATUS 

A significant milestone wa.s achieved in the Free Radical Program in January 1974. Il was demonstra.ted that it is possible to colltinuously 

coat short ll!ngths of Free Radical Camera Speed Film on an Engineering Coater. To date, hand coatinis have been the primary method for 

investigating many of the che1nical and physical prdllcms discovered during the past four yeari;. Laboratory conUnuous-processinG equipment 

is now being tested to provide not only cootlnuous coatings of 70 mm by 2~0 foot lengths, but also the ability to Red-Lite Devl.'!lop and solvent 

rinse (fix) these rolls on a continuous ba.si1. The performance c:l. the technology has shown and appears to have the capability of meeting the film 

specifications presented in Table 3-1. 

TABLE 3-1 

FILM SPECIFICATIONS 

CharactBristic Specllicatione 

A:f'S Sl)eed 9. 0 (ASA :::. 20} 

Sbelf Life (days) Mio.imum required, ~ 30 days with 
g011.l d. 60 days at 70° F 

Resolving Power (cycles/mm) 1000 cycles/mm at 2:1 contrast 

Useful Sen11ltivity (nanometers) 400 to 660 

Gamma Ranl{e 

Dmin 

D 
max 

L 4 to 2. 0 

~ 0,30 

Sufficient to produ<:e useful loQ: exposure 
range of 1. 5 
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This pbotograpb:c system appears to be at least as critical in the forn111Jat\on interactior;s ai;, its silver couoterpart. During the evolution 

of this system, each chemical cha.niie usvcl to allaviat<' an i:trea of poor performance has led to the reciuc-tioo of per!ormanc~ in other critical 

areas. Ho~ever, it bas been possible each tim@ to rebalance and solve these various lntll!!ractions. What is emphasized here is that the 

perfor:na.nce of the Fret" Radical hnagiog System is the result d. a r.ombination of many 15eparate parts, each playl11g a role in securing tho 

present or future performance. The detailed summary of current program sh.tus :,md problemll is prest>oted below. 

3. 2 LABORATORY CONTINUOUS COATINGS 

During the period from December 1973 thru .January 197-1, over 150 coatini;:s 10-15 !oet long by 70 mm wide were madi; on the Engineering 

Coater. These were cootinuous coatings whic.b iocluded oear simultaneous coatini:: of both the photo-sensitive layer and the poly-vinyl a.lcoi1ol 

(PVA) overcoat. These coatine-s demonstrated that the Free Radical Camera Speed Film is coatable on a reasonably repeatable basis. These 

coating!:i demonstrat!'!/1 filrn speeds near those specilied and the dc!ltred sensltometric response, i.e. , gammn, fog, D m:ix· Continuous co.lted 

films undergoing shell life tescs have shown 110 significant differences fr01n previous hand coated umplt>s. Many samples have oxcceded 30 daya 

shelf life a.od are still being u1sted. The Important aspect of th£' En,;:-ineering Coater ls that this oow p;ive11 us an ability to make Frl!:e Radical Film 

o! rea.sonable quality witl1 a minimum of i,cratchu, voids, pioholei:;, etc. The abUity to produce reasorn1.ble quality !ilme even io limited qu.antity 

will allow a coo.siderahly greatt":r enluation of the film characteristics. lt shoold be emphasized, howcvl!tr, that thesj!' coatings are not production 

quality. This step i1:1 ooc that is prior to even the development of pilot coatings. 

3.S SENSITOMETfilC RESPONSE 

The overall seositometric response of the film indicates that tbe contract bpecl.!icatiom, can be met. The Engineerine Coater has produced 

AFS values cl. 9. o. The la,est shell liie tests RTe !hawing little speed loBS with Formula 15 Tee:tt1 approaching one month's i;torage at room 

temperature. Fi&1,1re 3-1 Illustrates typical film data from the Engineering Coater. These curve& are not inteaded to show the loni:i;est shelf lile 

or highest speed the film Is capable of, but jUst an example oI the latest resu!ts. Testing h; still underway with films made ai the same time. 

That is, the ultimate shelt life of Formula 16 is yet to be detern:.i.Ded. Curve C illustrates the highest speed For1nula 15 coating seen to date: 

however, mm speed is o.ot considered a slgniftcant problem at thh, point in the program. Speeds near to or equal to the contract !!pecUicatio11 

have been obtainable tor the last two years. Unfortunately, every time some aspect ol the: formula or U1e coating changes, speed usually drops and 
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FIGURE 3-1 

TYPICAL RESULTS OF CURRENT FORMULA COATINGS 
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RELATIVE LOG EXPOSURE 
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CURVE A 

CURVE B 

---- CURVE C 

CURVE GAMMA 

A 1.3 

B (FRESH) 2,1 

C (23 DAYS) 2. ,4 
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then readjusts as the change is optimized. The formula lias never bee11 stable enough during the R&D program to em>.ble spenning sulficicnt time 

studying the "ultimate" speed capability of the Free Radical FHm Sy81:em. The current formula, however, is close enough to optimum to enable 

it to l)e coated cm the continuous Eng:ineerinii: Coater. 

The work O'\'f.!r the past two years, which includes the continuous coatings, clearly indicates that the dtc1:,i.I'~d gamma, D . , ar.d D 
min max 

requirmucnts have been achieved. 

In summary, the scnsitornetric specifications of this film are reasonable and can be achieved. It is felt, therefore, that this will not be a 

prol)lem in future developments, 

3. 4 IMAGE QUALITY (RESOLVING POWER) 

Extensive resolving power testing of the various formulas has shown valuei; on the ordl!r of 800 to 1,200 cycles/mm at a 1. 6: 1 contrast 

rei;:ardless of the formula.. To date, no relationship has been found between the rum speed and reMlving power, although one must certainly exist. 

Thoo:retical computations at Horizons indicate that tht resolvinp: power ol. thi5 film will not be adversely affected until the film speed approaches 

an AFS value of approximately 200 to :.JOO. Figure :J-2 illustrates a Threshold Modulaliou (TM) Curve comparison between 1414 and Free Radical 

which slJOWli that Free Radical Film has superior imaging char:icteristics. Figure 3-3 graphically shows the dilference it1 imaging characteristics 

between 1414, 3400, and Free Radical Film types. The basic molecular nature of thi! film insures a capability to provide the resolution!:! de;;ired. 

There are some practical problems, however, which are discusse,d later in this report. 

An i11teresting phenomena has beei1 ooserved which indicates that image forma±ion in the photo-sensitive layer ol this Free Radicnl Film may 

be unique. Experiments have l.udicated that the image is not formed on the surtace, middle, or lower regions of the film, but appea.r!5 to builcl in 

a unique straight line through the film (top to bottom) resulting tn very high sharpness even at the resolution limit. This indicates tl:at Free 

Radical Film does not exhibit the u11ual ligllt scattering associated with silver halide films. 

3. 5 SHELF LIFE 

Shelf Ille has been one ol. the primary areae of concern since the inception of this development program. Early versions of ,l camera speed 

film had a shell life on the order of minutes. Usually after 15 minutes, the photograp:iic systen:. was completely dead. lnveetigatlons determined 

that the cause or the &peed decay wilb time was twofold. First, the carbon tetrabromtcie activator rapidly aublimatl'd out of the sensitive layer; 
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FIGURE 3-2 

TOP r- 20016/HEXAGON./GA~fBIT 

THRESHOLD MODULATION COMPARISON BETWEEN 

1414 AND FREE RADICAL FILMS 
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FIGURE 

JI I 

IMAGE QUALITY COMPARISONS UTILIZING ANTENNA AND BUILDING 

FREE RADICAL FILM TYPE 

1414 FILM TYPE 

3400 FILM TYPE 
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and secondly, oxygen itJ th!! air apparently caused the formation of hydro-peroxides which causes a cessalion of the image formatio11 chain reaction. 

Both oi these problems were solved by the aae of a l'VA a,,-ercoal, 

While lhe overcoat solved the rapid speed decay problem, the ultimate shelf lUe of the Free Radical Film bas yet to be determined. Hanel 

coati11gs with overcoats were s:ery unsatisfactory for shell life teetinf!. Any physical defect (pinholes, tlust, dirt, etc.) in tl1e coating causes 

non-imap,:e ciensity buildup making the test results mariinal at best. However, it should be noted that the best shelf lilt!! attained with this mod1:: of 

testing was 50 days. The Continuous Coaler will provide considerably improved quality coatings, and should allow for more extensive testinp; of 

the film's 6hel! lilc capability. Tho other dwioul"! difficulty in ru1111ing tests uf this length is that the evaluation taltes the same amount of time, 

i.e. , It te:kes six months to determine tf the film has a six month shelf life. 

3. fl PANCHROMATIC SENSITIVITY 

The 1nhl!rent sen!itivity of thl!! Free Radical Camera Speed Film System is in the UV, blue, and green regions of the spe ctru:m. In order to 

make a useful camera filn:, spectral .!lensitivity must be incri.-asecl lo 660 nanonitlters. The possibility o! sensitizing to this region was uemon­

strated in 1971. Work was delayed, bowtlver, so that other key problem arcae coul<1 be accomplished, i.e., shelf life at 70°F, etc. 

Durina; the pasl six: months, work on pan sP.nRitivity was re!!llm~ at a low level. Again, it was demoostrated tbat the Free Radical System 

can be 1,ensiti.zed to 660 nanometers and beyond, and that the process to secure pan sensitization closely follows that of silver halide !!iyStt!ms. 

From these hand coating trial11, work will now concentrate on continuous co.atingA. The effect of pan sensitivity on shelf life, AFS speed 

increase, and the interaction of pan sensitivity wlth the optimum cut on wavel,mgth for Red-Lite DevEelopment mutit <ilill be investigated. 

There appears to be no major obstacle in seeurin.g the rc:;quired pan !len~itivi.ty with continuous coating-s since the mechanism has alrE>ady 

been demonstrated in the static case, The prd:Jlem, however, is the po1:1.sible interference w:!th Red-Lite Development. 

3. 7 RED-LITE DEVELOPMENT (PROCESSING) 

Se.-eral hypotheses have been postulated to explain the mechanism ot Red-Ute Df:"vP-lopment: the6e employ the classical ,Tablonski Energy 

Transfer Mec;ianism. Although the mechanism of RLD is not absohltely defined, this :..rea, as others, has been handled in a pragmatic fal'lhion. 

It Ls Impossible to Sl'!pa.rate the evolution of the processini:- equipment from the fundamental mechanism, for it bas been through the evolution of 

this equipI11ent that tl1e hig:h speed and unllormitieR of processing have be,en obtained. The proceisis:ors have evolved from very smo.11 laboratory 
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breadboards to more sophisticated sheet film laboratory processors to a '70 mm continuous roll proceMor. The efficiency of RLD has been 

markedly improved. Thls generation processor brought power requirements down and improved the overall uniforn-:.ity of processing. 

3. 8 FIXING EQU1PMENT 

Fixing is also known ap, solvent rinsing. Fixing removes tbe unused activator and mikes the processed image "permanent." This eq11ipment 

has progressed from a tray with fixing solution to a continuous solvent rinse breadboard which is capable of processing let1gths of '10 mm film at 

speeds up to nve feet per minute. 

3. 9 ACCOMPLISHMENT MATRIX 

Table 3-2 on page 3-9 provicles a summary of the film development 1:.tatus ::md forecasted goals. 

3.10 CURRENT DEVELOPMENT PROBLEMS 

While the development e!!ort to date bas been extremely sucee11sful, problems remain to be solved before a final usable film can result. 

These problems are: 

A. Density Increase Under Overcoat After Exposure 

This problem has intermittently plagu.ed the program. It i,11 manifested, roly after an image forming expo9ure, by a p;radua.l 

increase in density and an attendant loss of resolution if the overcoal is leH 011. This problem becomes most severe after approximately an h.our. 

There is no problem l! the overcoat is remO\·ed and the image processed. The practical severity of the problem is obviously a function of whether 

or not the user can remove the overcoat immedi .. tely alter expomre. The c-ause of thi5 prohlem 1!'; currently unknown. The project l;lersont,el 

hope lo dete!rmine the cause and be able to resolve this prcblem by the and of March 1974. 

D. Shell LHe 

Pnra~raph 3. 5 discussed the problems with testing the shelf life of this fllm. Not only have the tests been hampered by the pool.' quality 

of the hand coatings, but shel! life tl!sts can be very time cousumlng. The prcblem is that tile ultimate shel.f life capability oI thizs film systtl'm 

is not known. 
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TABLE 3-2 

PROJECT ACCOMPLHEME:S-TS AND FORECAST.ED GOALS 

Shell Ltte Resolvtnr; Useful D 
xnin Typt of Coating Speed at 70°F Power Sensitivity Gamma 

D Type of 
Date Size (AFS) (daysi (cycles/mm) {nanometere) Range max Proce11;" g; 

30 JWlEI 1973 4"x5'' Sheete 4.5 30 >1000 at N,A. 1.4 .30 Sheets 
)> Band Coatings 1. 6: 1 «l Meet! l"x 11/2" )> 

"U (maximum useful area.) contrast 2,0 Specs ProceH ""O 
"U ""O a Capability a 
< < 
CD CD a. 31 Jan 1974 10' x 70 mm 3.0 SO• >1000 at N.A. 1.4 .30 Sheets a. 
o' o' 
~ Continuous L;woratory 1.6 : 1 to Meats 4"x 5 .. ~ 

;:a 
contra.st 2.0 Specs Process 

;:a 
CD CD 
CD CD 
Dl Capabillt:;, Dl 
CJ) CJ) 

~ 
9.0 14* N.A. 1. 4 .30 

~ 
I\J I\J 
0 to Meets 0 
I\J I\J 

~ 2.0 Spece ~ 
~ L. 10. 0 

::::I 
(J1 Forecast by 250' ,c 70mm .i!,30 with 1000 a1 400 lo 1. 4 $, 0. 80 250' X 70 lllm ~ 
0 1 July 1974 Continuous Laboratory goal or 2: 1 660 to Sufficient Roll 0 
0 0 
~ 60 days ccmtrast l.O to Produce Ccmtiouous ~ 
I\J ULE of 1 5 I\J 
CX> OJ 
~ ~ 
(,.) (,.) 

NOTE: The asterisk(•) denotes that the !'lhelf life continues to b&- atable; :i.ddi.Uonal samples 11.'Ul be taken until the Iilm supply Ls depleted. 
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C. Spectral Sensitization 

There a.ppears to be r.o problem in obtaining the desired spectral sensitly,atlon cl the Free Radical Film. 'l'he problerr. is the 

currently w1know11 effect this will have on the Reel-Lite Development Process. Tbe RLD Process currently operates with a cut on waveleniith oI 

-680 nanometers. Pan sensitization could have a portion (ta.il) in tllis region that would make the RLD very crtttcal and difficult to control. At 

worse, it could caui.e 1,pontaneoos fog. It is possible, however, that with pan sensitization, the "development tail'' will move into tl1e near infrared 

region making the problem d1:<1appear. Whether or not this is a problem will not be determined until this additicmal spectral senaitivlty is introduced 

into RLD film.!i, It L!i fell that a better Ulldeutaxxling of the impact of spectral 1oensitivity should be achieved within tlrn next few months. 

D. Ma.t'lrfa.ls Scale-Up. 

Some of the critical areas which must receive attention in the next slx months are associ.atecl with the scale-up to a pilot coating. 

These would primarily be the materia.ls scale-up from laboratory synthesis, and the parificaiion methods to reasonable levels of quant1t1e'! and 

processes having significantly grea.ter yields than are presently founcl in laboratory-size preparation. Large supplies or quality ingredients 

could be a problem. 

E. Subbing 

Demonstrations of performance evaluation, whether on hand coatings or laboratory continuoue coatings, have been Cll materials 

without a subbillg layer. A subbing layer 0111st be provided within the next few months in order that a total film packag~ will be available for a 

roll film tei:;t. What effect a subbing layer wm have on the photo-1!1en!litive layer, and what pr<:blems this will cause, is unknown at this tlme. 
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SECTION IV 

FUTURE 

4.1 SUMMARY 

The following summarizes the projected goall!l for the Sprin~ d 1974: 

A. Produce 70 mm x 250' rolls of film for test and evaluation. 

B. Establish th~ following tilm characteristlcs. 

4. 2 lMMEDlA TE GOALS 

Characteristic 

AFS Speed 

Shelf Life (day:;} 

Resolving Power (cycles/mm) 

Useful Sensitivity (na.nometers) 

Gamma Range 

Dmin 

D 
max 

Spe clitcation 

~ 10. 

Minimum required 2': 30 days, goal of 80 days 

1000 cycles/mm at 2: 1 contrast 

400 to 660 

1. 4 to 2. 0 

$. 0.30 

Sufficient to pro::tuce useful log expoBu.re range of 1. 5 

The current program plan calla for having a Pil0t Prcductlon FaciUty on-line early in 1976. This would provide for reasooably significant 

quantities d Free Radical P'Um for e,rtcnsivc system te!'lting in the Summer o! 1976. To athtin this goi:il, the following importa.nt st11p1:1 will lie 

required. 

4. 2. 1 Ptlot Coating Facility 

Initial design work ha.s: bei]1n on a pilot coater. A decision to proceed with fabrication of such a coater will be based oo the demonstrated 

ability to solve the key prdlleme by that time. The Pilot Coatins Facility it1eli could be a prdllem, as grilng from laboratory to pilot production 
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coatings ie not an easy task. 

4. 2. 2 Film Testing 

Before any film can be used in an operational system, extensive testing will have to be accomplished. This testing will consist of both 

photographic and physical tests. Repeatability of sensitomctry with many coating.!!, resoking power, a.nd :';lTF response all wm have to be 

iaiensively evaluated. In addition, investigations on the physical characteristics and behavior of the film will have to be accomplished. The 

integrity of such a film in a flight etack, as well as whether or not this iilm can be intermixed with silver halide films must be studied. 

Another impcrrta11t iitudy that needs to lle undertaken is the nature o! the dye image. There are few, i! any, dye images which exhibit 

either the neutnlity or the permanency to various typP.!l and levels of radiation that a totally processed and lilted silver ima~ can. Although the 

dye imo1.ge of these !ilme provides the po.ssibility of manipulating the printinJ! contrast through use of color filtering, some atte11tio11 mul:!t be 

placed on testing to determine the actual reeistance of the dye image to various types of illumination, and what the effecte on the image a.re of 

repetitive printing for ciuplic:a.tion purposes. It may be necel:!sary to add dye etabilb:ers to the formula. The efiect o[ these on the photographic 

properties is unknown. 

4. 2. 3 Elimination of the Overcoat 

One of the la:1ger range ~oals is to eliminate the need for the overcoat. Thia would involve the use of a le.!ls volatile activator, and hence, 

would provide a i;::reater shelf llle, While there are no plan, to eliminate the c::wercoat before going to a pilot coating, an investigative study wlll be 

undertaken within the nert one to two years. 

4. 3 CONCLUSIONS 

A. Free Radical Camera Speed technology has exhibited many characteristics, which, ffl'en under the laboratory development phase, appear 

to be useful far application ill big:h resoluticm imaging Bystems. 

B. It is extremely important to note that this technology is preliently in the stage of transitioning from the laboratory to contil1\lo;.is coatings. 

Pilot production coatings of this film are still in th11 future. 
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C. There ha.ve been many accompllahmeits as well a.s many prd:>lems within the initial lriages al development. These have been bawled on 

a pragmatic step-by-step basi.!s. n1ere a.re still knavm problems to be solved and certainly unknown problems will occui- which will impede 

progress to eatabllshill& a usable flhn. 
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