MATERIALS and METHODS.

Two types of polyvinyl alcohol (PVA) were used from Kuraray (Kuraray Europe GmbH

Division PVA-PVB D-65926 Frankfurt am Main).  Mowiol 3-85 was used as the main supporting polymer in the formulations below.  Type R-1130 which contains some silane groups,  was used as an effective means of bonding  the photopolymer to glass when required for making holograms for the longer term. The other chemicals used in the formulations were all available from the Sigma-Aldrich

Chemical Co. The DABCO (triethylenediamine) was obtained from Fisher Scientific (Acros Organics).

A note on the method used to coat PVA solutions

A big difference between coating solutions of  PVA  compared to say gelatin solutions is that PVA solutions generally have a very high surface tension which causes them to reticulate on glass surfaces.  To get round this problem I needed to adopt the principle of using a sufficient concentration of PVA in water to make the solution viscous (rather like treacle).  I then gradually added methanol or methanolic solutions of my formulations nearly up to the maximum that could be tolerated without the PVA starting to precipitate out.   This enabled a smooth film to be coated onto glass. Then to prevent reticulation occurring as the alcohol evaporated , a warm blast of air from a hair-drier was used briefly to rapidly dry it to a touch dry state. 

Preparation of  stock solution of 30% w/w PVA type Mowiol 3-85.

70 g. of de-ionized water (DI) was poured into a 250 ml beaker . The cold water was then vigorously stirred   mechanically while exactly 30.0g of Mowiol 3-85 granules were poured in,  after about 1 minute the stirrer was stopped briefly and an indelible black marker pen was used to mark the level of the PVA/DI mixture.  The beaker was then placed in a cold water bath on a heater and while constantly stirring, the bath was heated until it reached about 90oC.  Typically the PVA grains  may take 20 to 30 minutes to dissolve up  at a temperature between 80oC and 90oC.. 

The beaker was removed and inspected carefully to see if any traces of undissolved PVA grains remained in the rather bubble filled solution.  Then after allowing the bubbles to drift to the surface  a the level of the liquid was  inspected against the black mark to see if significant evaporation of the DI had occurred . If so then a ml. or two of DI was stirred in to top up the beaker contents  to the black mark. The 30% w/w solution was then poured into a bottle and stoppered. 

Preparation of  5% R -1130 PVA  for  pre-subbing glass  (for making permanently wet holograms).

Since this one is only used to give a thin surface treatment to clean class sheets, it only needed to be very roughly a  final 5% w/v solution . 10 g.  R-1130  was slowly poured into well stirred 100ml cold DI water  in a water- bath set up just as described above.  The bath temperature was then slowly raised to about  90oC.  The PVA appeared to be all in solution after about 20 minutes. It was then allowed to cool to about 40oC  and an equal volume of a solution of 75/25 % v/v methanol /water was then added and stirred in.  (It was necessary to get all the PVA first into an all-water solution before adding methanol, and the methanol itself needed to contain a substantial amount of water to prevent precipitation of this high molecular weight PVA.  The methanol was needed to reduce the surface tension.)

Preparation of DABCO/EDTA stock solution.

20 g of ethylenediaminetetraacidic acid  (EDTA) was stirred into 100ml DI.

 as a part slurry.  Important note : This must be the free acid and not  a salt

with sodium etc.

This acid slurry solution was then constantly stirred and with the aid of a pH meter, brought to about pH 7.5 to 8.0 by slowly adding  increments of  DABCO powder.   (I found that the amount of DABCO required was roughly 25g. but it was important to go by the pH and not the exact weight of DABCO)  The solution goes completely clear and appears to keep indefinitely in a screw- capped  bottle . It contains roughly 15% DABCO /EDTA salt solution.

Preparation of stock dye solutions:

For red wavelengths:

A 1%  w/w solution of methylene blue (MB) is used in a  1:1 w/w  solution of methanol and water 

(note the methanol /water mix is by weight not volume).

For green sensitivity at 532nm :

A half percent solution of  safranine O  is used (Aldrich cat. no. S8884]

instead of the 1%  MB in the above solution.

Preparation of 50% w/w Glycerol 1,3-diglycerolate diacrylate  (GDD) in  methanol
With three –OH groups along the molecule (see fig.1)  one would expect this monomer to have

a much better water solubility than it actually has.  This is probably caused by strong internal hydrogen bonding which is folding the molecule up on itself .  It also is a very viscous liquid , of  very low volatility and is not particularly toxic. 

50g of GDD  is dissolved in 50 g. of methanol.  This solution has then a low viscosity.

Formulation GD-1

Methylenebisacrylamide

0.11g

Methanol


6.0g

GDD soln. 50% w/w in methanol
2.1g

Diethylene glycol
 (“digol”)
0.34g

PVA (3-85) 30% soln

10.0g

DABCO/EDTA soln.

0.46g

MB 1%



0.22g

The preparation  is made in 2 separate parts,  A and B as follows. 

Part A

1)  10.0g (note the “.0” means it needs to be fairly accurate)  stock 30% PVA soln. is poured into 

a 30ml dark brown bottle. 

2)  0.46g.  stock DABCO/EDTA soln. is then stirred in. 

Part B

1)  In a separate bottle which can be of clear glass,

      0.11g methylenebisacryamide  (MBA) is added. 

2)  3 g.  methanol  is added and the mixture stirred until all the  MBA has dissolved.

(note:  that there may be traces of polymerized impurity in the MBA as supplied  which will never         dissolve, they should just be allowed to settle and ignored).  

3) 2.1g   stock GDD soln.  is added. 

4) 0.34g  diethylene glycol  is added 

Part B bottle contents are then carefully poured into Part A bottle but if possible without any bits of impurity from the MBA. The part B bottle is then rinsed around with 3 ml  of  MeOH  and this is poured into Part A  again leaving behind  any precipitate traces. 

At this point the alcoholic layer in bottle A will be sitting on top of the aqueous PVA layer.  These two layers are not perfectly compatible and one now has to really work at hand- stirring them in . The stirring action should sweep away the PVA soln. sticking to the walls and bottom of the bottle and this process of getting a homogenous mix (apart from lots of bubbles)  can take a full two minutes of vigorous stirring.  At the end the contents should be inspected for any small globules of unmixed PVA solution.

The well mixed solution is then ready for sensitization to the laser being used.

Dye sensitization: Depending  on laser wavelengths to be used.

For HeNe lasers about  0.22g of stock MB soln. is mixed in.

For laser diodes this quantity may need to be less if they are operating between 660 and 670nm, so

0.16g stock MB soln. may be better.  However this is much affected by how thick the coating will be for reflection holograms.

After mixing the contents will be full of air bubbles,  therefore before coating if one does not have the luxury of a small centrifuge then it is best left to settle for some hours.

For  532nm.

0.2g  stock S.O. soln. is stirred in .

Note : Since this formulation will have some shrinkage in pure water, this can be quite OK  for red lasers. But after initially using water to develop, the green laser image will soon shift to the blue. Ways to deal with this are : 

a) Make the coating  quite  dry  by heating it with  hairdrier for several minutes at say 35oC (albeit with some loss of photosensitivity)

b) Avoid using an initial flood exposure to white light, put it into water under safelight without examining the image first. After a minute put a spot light on while it is in the water bath.  See paragraph on the effect of flood exposure below.  

Coating  GD-1 under safelighting.

One can start by using the crudest of coating methods for initial trial purposes. One can place a blob between 2 glass slides,  then just squeeze them together and slide them apart. ( Two  3 x 2 inch slides need about half a ml. of soln.). Then the slides are placed  flat and treated with a hair-drier as described below .

I have been using a Mayer bar method  on clean glass microscope slides butted  together on a sheet of A4  paper with the help of sticky tape  along the sides and edges (Fig.. 10). The high surface tension of PVA conveniently prevents liquid leaking between the joins in the few seconds it takes to draw down  the liquid . The bar I have been using is close wound with 8 turns to the centimetre . Immediately after the draw down  I then turn on a hair-drier on a warm full blow setting and then for only about 10 seconds I sweep the blower over the slides with the blower only about 5 cm above (Fig. 11).  This is to flatten out any residual bar lines. The blower is then held or clamped above the coating at a height at which (as was previously determined by a thermometer),  did not cause temperature to exceed  a 35oC to 40oC maximum for about 1 minute  on the blown surface.  This coating should not be over-heated , but it should feel rubbery and not be sticky wet. The coating is then left to equilibrate in a dark room overnight . 

Photosensitivity note on the amount of drying and the “fluid fringe” effect.

In a damper coating the bleaching  rate by red light is fastest and  the effective photosensitivity is at its highest . It has been measured as an extraordinarily good  7 mj. per square cm. in terms of the necessary energy needed to form a photographic image.  However for holography if it is too damp, the growing fringe structure during the laser exposure could finish up losing its spatial integrity.  I term this the “fluid fringe” effect..  This causes blank areas with no hologram in the centre of the plate and bright holoram along the edges where the plate  has dried sufficiently to maintain spatial integrity.

So adequate drying  time to reach equilibrium in ambient 60% relative humidity is needed.

Effect of flood exposure to white blight after the laser exposure .

The quickest development in water takes place if the exposed hologram is first given a bright white light flood exposure for say 30 seconds.  However if the laser-exposed plate is put straight into water without first examining it under a white spot light,  then the replay wavelength is redder but takes longer to develop .  After  the first minute in the water  under safelight, a bright spot light can be turned on to watch the development progress.  So for using the safranine ‘O’ dye system for 532nm lasers, it

may be best to not examine the hologram before the water immersion step. 

Pre-treating the glass to make it hold the coating more strongly .

The dry coating does generally stay on clean glass that has not been pre-treated or “presubbed” when the plate is put into water after exposure. However to make sure one can “presub” the glass with the stock  PVA  R-1130  soln. made as described above.  As one only needs the thinnest coating then one only needs a very finely wound Mayer bar or just a smooth rod but the rod must be completely straight. One should also use the thinnest sticky tape without any rucks to hold the slides down of course. Immediately after the draw-down a really hot blast of air is used from a hair-drier set at maximum heat about 5 cm above the glass. This raises the temperature of the glass to about 100 oC for about  30 seconds which may be needed to get good bonding.

