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Table 7.9 
Absorbances for aqueous layers before and corresponding octanol layers after addition of 4 mL HN03 

(measurement at 496 and 454 nm respectively). 

Cone. of aqueous solution (mM) 

0.991 

1.521 

Relative absorbance in 
aqueous layer 
82.8 (1.656) 

124.2 (1.242) 

NB Values in brackets are the actual absorbance values obtained from the diluted samples. 

Relative absorbance in 
octanol layer 
23.7 (1.185) 

34.58 (1.729) 
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Changes in relative absorbance with increasing fluorescein concentration for the 

aqueous layer before and the corresponding octanol layer after addition of 4 mL of 

HN03 is presented in Fig. 7.4. Absorbance values used are those obtained from the 

0.036, 0.182, 0.991 and 1.521 mM fluorescein solutions using the new stock solution. 
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Fig. 7.4 
Changes in relative absorbance with increasing fluorescein concentration before and after addition of 4 mL 
of HN03• 
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This plot indicates that the percentage transferal of fluorescein decreases with 

increasing fluorescein concentration. This pattern is also reflected in the partition 

coefficients for the aqueous to octanol layers presented in Table 7.10. 

Table 7.10 
Partition coefficients for ratio of fluorescein between aqueous and octanol layers obtained after addition 
of 4 mL HN03• 

Concentration of aqueous Absorbance in aqueous Absorbance in octanol Partition coefficient 
layer (mM) layer (x diln. factor) layer (x diln. factor) (aqueous/ octanol) 

0.036 3.053 1.858 1.643 

0.182 15.29 7.685 1.990 

0.991 82.8 23.7 3.494 

1.521 124.2 34.58 3.592 

Fingerprint trials 

Optimum conditions determined in the above model trials which favoured transfer 

of fluorescein from the aqueous to the octanol layer were then applied to the 

treatment of blood and latent fingerprints. Initially, alkaline solutions containing 

fluorescein were brought into contact with the exhibit and acidified, in order to force 

some fluorescein to transfer to the lipids. Results for latent, butter and blood 

fingerprints treated with fluorescein are presented as follows: 

• The fluorescein treated blood print on a glass slide when viewed under the Polilight® at 320 run 

produced good orange fluorescence. The print was also a lot more visible to the eye under 

ambient lighting conditions compared with the untreated half. 

• The fluorescein treated latent and butter prints on glass slides produced poor fluorescence 

with only parts of the prints being visible when viewed under the Polilight® at 320 nm. 

• The fluorescein treated butter print on paper was not visible at all due to excessive background 

staining when viewed under the Polilight® at 320 nm. 
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Results for latent and blood fingerprints treated with fluorescein isothiocyanate are 

presented as follows: 

• The fluorescein isothiocyanate treated blood _print on a glass slide when viewed under the polilight at 

320 nm produced good orange fluorescence. The print was also a lot more visible to the eye under 

ambient lighting conditions compared with the untreated half and more so than the fluorescein 

treated blood print. 

• The fluorescein isothiocyanate treated blood print on paper did not produce fluorescence but was more 

visible to the eye when viewed under ambient lighting conditions and the Polilight® at 320 mn 

compared with the untreated half. 

• The fluorescein treated latent print en glass produced poor fluorescence with only parts of the prints 

being visible when viewed under the Polilight® at 320 run. 

7.4.4 Section summary 

Octanol/water was used as a solubility model of the interface between an aqueous 

solution and the lipid part of a latent fingerprint. The best way to encourage 

fluorescein to transfer from an aqueous to a lipid phase was found to involve 

introducing the fluorescein in an alkaline solution and then acidifying it. Although 

the method of forcing fluorescein into the lipid component by acidification of an 

alkaline fluorescein solution did not work sufficiently well to produce good 

fluorescence on real latent fingerprints, the method did seem to work to some extent 

on blood fingerprints. Further work in the area should focus on barely visible blood 

fingerprints as the dark colour of blood tends to hide any fluorescence on an easily 

visible blood fingerprint. 



7.5 Modification of the luminol technique 

7.5.1 Introduction 
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The oxidation reaction of 5-amino-2,3-dihydrophthalazine (luminol) is based on the 

peroxidase activity of hemoglobin in the presence of hydrogen peroxide (Fig. 7.5). This 

is the same reaction as that of DAB, ABTS, OPD, and PPD but differs however, in that 

it produces chemiluminescence rather than a colour change (Lytle and Hedgecock, 

1978). 

0 

Fig. 7.5 
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0 

Oxidation reaction of luminol (Mayer and Neuenhofer, 1994). 

+ N2 + 3H20 + 2H+ + hv 

Sodium perborate is often used in place of hydrogen peroxide because even though 

the resulting luminescence intensity is lower, the duration of the chemiluminescence 

is significantly longer (i.e. 30 seconds compared with 5 seconds) (Zweidinger et al., 

1973). 

Several compounds, some of which are porphyrins, which enhance the activity of 

luminol with hydrogen peroxide and peroxidase have been found (Tumosa, 1996). 

Chang and Patterson (1980), investigated the enhancement of iron(II) catalysis of 

luminol chemiluminescence using hydrogen peroxide with halide ions. In the 

presence of 0.3 mol/L bromide ion (Br\ an increase of 3.5-fold of chemiluminescence 

signal was observed. This has potential significance to the luminol-blood reaction, 

because iron is the metal acting in the porphyrin catalytic centres of the hemoglobin 

protein. The mechanism by which luminol is oxidised in the presence of hydrogen 

peroxide and hemoglobin is believed to parallel the oxidation of DAB (section 2.1.1). 
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A proposed mechanism for the halide effect of the metal ion catalysed 

chemiluminescence reaction is presented in Fig. 7.6 (Chang and Patterson, 1980). 

M-0-0-H + Luminol 

NH2 0 'D' 
C(~-0-0--M 

II 

0 
Luminol 

Halide assisted route 

OH-.. M--0--0-H 

Off 
- ............ --1 .. _ M--0--0-Luminol (M = metal) 

II 
0 

II 
0 

Normal route 

* 

+ hv 
0- O"max = 430 nm) 

decomposition 
(see Fig. 7.5) 

Fig. 7.6 
A proposed mechanism for the halide effect of the metal ion catalysed chemiluminescence reaction 
(Chang and Patterson, 1980). 
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It was decided that this method of enhancement should be tested out on blood 

fingerprints (or blood stains) to see if this increased chemiluminescence signal in the 

presence of halide ions could be observed with hemoglobin catalysis. 

7.5.2 Methodology 

Two luminol solutions were prepared using the standard luminol reagent (Lytle and 

Hedgecock, 1978) which contains 0.1 g luminol, 5.0 g sodium carbonate, 100 mL of 

distilled water, and 0.7 g sodium perborate which is added just prior to use. To one of 

these solutions was added 3.087 g (0.3 M) NaBr. Both solutions were then sprayed 

onto fixed and non-fixed blood fingerprints on paper and their chemiluminescence 

compared visually by eye in a dark room (refer to section 2.5.1 for the methodology 

used for fixing of a blood fingerprint). 

Two more luminol solutions were then prepared but with hydrogen peroxide (13.85 

mL) substituting the sodium perborate. To one of these solutions was added 3.087 g 

(0.3 M) NaBr. Both solutions were then sprayed onto fixed and non-fixed blood 

fingerprints on paper and their chemiluminescence compared visually by eye in a 

dark room. 

7.5.3 Results and summary 

Equivalent luminescence intensity was visually observed with both bromide and 

non-bromide/luminol treatment with standard and non-standard luminol reagents. 

There seems to be no visual benefit in the addition of NaBr to the luminol solution 

for the treatment of blood fingerprints. One reason for this lack of observed 

enhancement could be that both faces of the Fe(II) atom are involved when the 

catalysis involves free atoms in solution (such as in the work of Chang and Patterson, 

1980); whereas the iron in the porphyrin group of hemoglobin is fixed and can only be 

approached from one direction (Fig. 7.7). 



Fig. 7.7 
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Proposed means by which hydrogen peroxide and bromide approach an iron(II) centre in two different 
environments. 

7.6 Antibody-conjugate treatment 

7.6.1 Introduction 

The use of peroxidase-conjugated rabbit anti-human albumin (an antibody-conjugate) 

for the enhancement of blood fingerprints was briefly investigated. It was proposed 

that the antibody-conjugate would react with albumin present in the blood of a blood 

fingerprint. The peroxidase end of the antibody-conjugate would then promote the 

oxidation of a chromophore such as ABTS in the presence of hydrogen peroxide. The 

rationale behind this is due to the fact that hemoglobin is only a pseudo-peroxidase 

and is about 100 times less efficient than a real peroxidase (Kremer, 1989). By having a 

real peroxidase available for promotion of ABTS oxidation the colour development 

should hopefully be enhanced due to the extent and speed of the reaction by (a) 

reducing the possibility of side reactions and (b) providing more peroxidases for 
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oxidation of ABTS (peroxidase activity will exist wherever there is albumin as well as 

hemoglobin). 

7.6.2 Methodology 

The peroxidase-conjugated rabbit anti-human albumin was diluted by 100 fold in 

phosphate buffer pH 7.4 (refer to Table 2.1 in Chapter 2). Fresh human blood which 

had been collected in a vaccutainer with no anticoagulant (refer to section 2.2) was 

deposited as blood fingerprints on paper. After being left to dry, the prints were fixed 

with sulfosalicylic acid according to the procedure used in section 2.5.1. They were 

then cut bilaterally down the centre into halves. One set of halves were immersed in 

the peroxidase-conjugated rabbit anti-human albumin solution for five minutes. The 

print halves were then rinsed in distilled water before being immersed in ABTS 

working solution (section 8.1) for another five minutes. The other corresponding set 

of print halves were then developed with ABTS working solution only and used as a 

comparison with the peroxidase-conjugated rabbit anti-human albumin/ ABTS 

treated print halves. 

7.6.3 Results and summary 

Unfortunately, the development of the peroxidase-conjugated rabbit anti-human 

albumin/ ABTS treated print halves was no better than that observed with standard 

ABTS treatment. Furthermore, in the presence of the extra peroxidase enzyme, prints 

were rendered less visible due to excessive background staining of the paper. This 

may possibly have been due to some of the peroxidase-conjugated rabbit anti-human 

albumin becoming mechanically trapped in the pores of the paper prior to the ABTS 

treatment. Also while the catalytic effect of hemoglobin is kinetically about 100 times 

less efficient than peroxidase the end result or colour development may well still be 

the same. 

ABTS development involves two steps: 

a) ABTS --> oxidised ABTS 

b) Accumulation of oxidised ABTS on the surface due to precipitation 
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The antibody would effect the rate of step (a) and the number of places it can happen 

simultaneously, but the results of this work show that these factors have little effect 

on step (b) and thus the overall colour development. 

7.7 SYPRO ™ Orange protein stain 

7.7.1 Introduction 

SYPRO™ Orange protein stain is a fluorescent reagent for the rapid staining of 

proteins with high sensitivity and low background following 1-D, 2-D or native 

polyacrylamide gel electrophoresis. The stained proteins are visualised by ultraviolet 

illumination (optimally 302 nm). The SYPRO™ Orange protein stain does not stain 

nucleic acids. In solution it is purported to be sensitive down to nanogram levels of 

proteins. 

Blood plasma consists of over nine-tenths water and contains sugars, nutrients, acids, 

salts, minerals and proteins (Jones, 1997). It was proposed that SYPRO™ Orange 

protein stain could be used for staining proteins in blood plasma and there by 

providing a new technique for fluorescent visualisation of blood fingerprints. 

7.7.2 Methodology 

SYPRO™ Orange protein stain is provided as a 5000x concentrate in dimethyl 

sulfoxide (DMSO). A working solution of SYPRO™ Orange was prepared by adding 10 

µL of stain to 50 mL of acetic acid (7.5%). 

Two blood fingerprints were deposited on paper and two on glass microscope slides. 

The blood prints were then fixed with sulfosalicylic acid according to the procedure 

used in section 2.5.1. 
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One blood print deposited on paper and a glass slide were immersed in the SYPRO™ 

Orange working solution for 30 minutes while the other print on paper and a glass 

slide were immersed for 90 minutes. After being left to dry the prints were then 

viewed under a UV hand-held lamp with the 254 and 366 nm settings. 

7.7.3 Results and summary 

Treatment of blood fingerprints on paper and glass with SYPRO™ Orange protein 

stain did not result in any visual enhancement. SYPRO™ Orange however, did stain 

the paper resulting in strong fluorescence all over when viewed under UV light at 

254 nm. One possibility for this result is that SYPRO™ Orange is reactive towards 

lignin or cellulose (CH20 groups) in the paper. 
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Chapter Eight 
Summary and recommendations 

8.1 Blood reagents 

8.1.1 ABTS, OPD and PPD 

ABTS, OPD and PPD have all proven to be effective, alternatives to DAB for 

development of blood fingerprints with the relative costs being of the order; ABTS 

>DAB> OPD & PPD. OPD and PPD, although both still toxic, represent less of a hazard 

than the carcinogenic risks of DAB for development of blood fingerprints, while 

ABTS as far as is known is non-toxic. The recommended procedures for best 

visualisation of fingerprints deposited in blood using ABTS, OPD and PPD are 

provided as follows. The procedures are based on the combined results obtained from 

the solution and fingerprint optimisation trials in Chapters 2 and 3. 

Fixative solution 

Dissolve 20 g of 5-sulfosalicylic acid in 1 L distilled water in a 2 L glass beaker. Transfer 

to a labeled, laboratory bottle with a screw top (use either a dark glass bottle or cover 

with silver foil). Store in dark at room temperature. 

Citric acid/phosphate buffer (pH 5.4) 

Dissolve 71.64 g of Na2HP04.12H20 or 35.61 g Na2HP04.2H20 in distilled water and 

make up to the mark in a 1 L volumetric flask (0.2 M) shaking vigorously to ensure 

that all solids are dissolved. Transfer the solution to a labeled laboratory bottle with a 

screw top. Dissolve 21.01 g of citric acid monohydrate in distilled water and make up 

to the mark in a 1 L volumetric flask (0.1 M) shaking vigorously to ensure that all 

solids are dissolved. Transfer the solution to a labeled laboratory bottle with a screw 

top. Measure out 223 mL Na2HP04.12H20 or Na2HP04.2H20 solution (0.2 M) and 177 

mL of citric acid monohydrate (0.1 M) into a labeled laboratory bottle with a screw top, 

and mix well. 
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ABTS working solution 

Completely dissolve 1.25 g of ABTS in citric acid/phosphate buffer solution (pH 5.4) in 

a 250 mL volumetric flask. Invert a few times to ensure that all ABTS is dissolved. 

Transfer to a labeled, laboratory bottle with a screw top. Store in fridge (away from 

light) for up to a week. 

OPD and PPD stock solutions 

Dissolve 50 mg of OPD or PPD in 100 mL of citric acid/phosphate buffer solution (pH 

5.4) in a labeled, laboratory bottle with a screw top. Unaided, OPD and PPD take a 

while to dissolve. This process can be facilitated by shaking vigorously or placing in 

an ultra-sound bath for 10 minutes. Store in fridge (away from light) for up to a week 

for OPD and use on the day for PPD. 

(A) Immersion Method 
• Place blood fingerprint exhibit in a clean, shallow, glass dish. 

• Pour out sufficient fixative solution into the dish to cover exhibit. Leave for about 3 minutes 

before removing exhibit and rinsing in distilled water. 

• Place ~xhibit in a dean, shallow, glass dish. Pour out 50 mL of the ABTS, OPD or PPD 

working solution into a laboratory bottle with a screw top followed by 0.5 mL of 27% H20 2 

and shake to ensure thorough mixing (if 50 mL is not enough to cover exhibit then add more 

and adjust the H20 2 volume accordingly). 

• Pour the activated working solution over the exhibit and leave to develop for 5 minutes. 

Remove the exhibit and rinse in distilled water. 

• Leave exhibit to air dry in a dark place. 

(B) Reservoir Method 
• Lay a piece of clean, dry filter paper over the area of the blood fingerprint exhibit to be 

treated. 

• Saturate the filter paper with fixative solution, using a pasteur pipette, and keep the paper 

saturated with the solution for three minutes. Remove the paper and wash the area under 

treatment with distilled water. 

• Lay a piece of clean, dry filter paper over the area of the exhibit to be treated. 

• Saturate the filter paper with activated working solution (previously mixed). Keep the paper 

saturated with the solution for 5 minutes. Remove the paper and wash the area under 

treatment with distilled water. 

• Leave the exhibit to air dry in a dark place. 



210 

ABTS treated fingerprints should be photographed as soon as possible, and preferably 

within two weeks of development, as noticeable fading in colour was observed over a 

one month period (developed fingerprints could also be stored in the dark so as to 

slow down the fading process). 

8.1.2 FDA 

The results from a preliminary appraisal indicate that FDA may be useful in 

estimating the PMI or age of blood stains and blood prints. Factors which would need 

considering before this method could be applied to forensic casework would basically 

involve calibration of the method to the problem under consideration. 

• In using FDA to determine PMI, it would first be necessary to establish the empirical 

relationship which exists between FDA hydrolysis of blood withdrawn from a given organ or 

body cavity and the time since death, and how this might be influenced by th_e ambient 

temperature, bacterial colonisation, cell lysis and any other factors. 

• In the case of a blood stain, it might be expected that the rate of degradation of the blood 

would be greater, and the calibration scale might be considerably shorter. An additional factor 

to consider here would be the best means of re-suspending the blood (enzymatic components) 

back into solution for reaction with FDA. 

Overall, it is felt that the amount of research involved in arriving at a reliable 

recommended protocol might amount to the equivalent of 2-3 PhD projects, and in 

scope would need to cover the areas forensic chemistry /biochemistry, physics, and 

pathology. However, the importance of being able to estimate PMI or the age of a 

bloodstain with greater accuracy suggests that such work would be worthwhile. 

8.2 Latent reagents 

8.2.1 Eu(fod)3 

Eu(Fod)3 has proven to be effective in the fluorescent visualisation of latent 

fingerprints using a one step process. Although it was less effective than DFO on 
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porous paper it was found to work to a limited extent on aluminium drink cans and 

galvanized iron. 

Eu(dpm)3 and Tb(fod)3 did not prove as effective as Eu(fod)3• However, it may be 

possible that other ligands would result in better luminescence and/ or reactivity of 

europium or terbium complexes. This aspect could be investigated further. 

8.2.2 OP A, NDA and ADA 

OPA, NDA and ADA all performed poorly in the fluorescent enhancement of latent 

fingerprints, a result which could be partially due to the aqueous nature of the reagent 

systems, with a resultant tendency of water soluble amino-acid residues in the print 

to show some migration. The three-ring analogue ADA combines two favourable 

features however, which might make it the best prospect for future development in 

this area. These are (a) its amino acid reaction product shows the greatest "r.ed-shift" 

in emission wavelengths, and (b) it is the least water-soluble of the three compounds 

to begin with. For these reasons, it is recommended that future work in this area be 

focused in locating a solvent system for the reagent ADA which facilitates the amino 

acid reaction while minimizing migration of water-soluble components of the print. 

8.3 Other reagents 

Attempts to improve the colloidal gold method of latent fingerprint treatment by 

trying to coat the colloidal gold surface with a coloured or fluorescent tag via 

attachment to a thiol was unsuccessful. The suspected reason for this being the 

dissolution of previously deposited gold after complexation with the thiol. 

By acidifying an aqueous solution of fluorescein in alkaline buffer it was found that 

fluorescein could be "forced" into octanol (lipid model). When this was attempted on 

latent fingerprints on paper and glass it was found that fluorescence in the prints was 

poor or non-existent. Fluorescence was obtained however, from blood fingerprints 

on glass when alkaline solutions of fluorescein and fluorescein isothiocyanate were 
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acidified. Fluorescence from blood fingerprints on paper however was not obtained 

using fluorescein isothiocyanate. Treatment of blood fingerprints on paper with 

SYPRO™ Orange protein stain was also unsuccessful. 

An attempt to increase the chemiluminescence from luminol-treated blood 

fingerprints in the presence of bromide ions was unsuccessful. The reason for this is 

probably due to the structure of hemoglobin preventing the approach of bromide ions 

into the iron centre while H20 2 is already undergoing reaction with iron. 

The use of an albumin antibody conjugated to peroxidase did not result in better 

enhancement of ABTS colour development. The reason for this could be that the use 

of a peroxidase compared with a pseudo-peroxidase (hemoglobin) would only 

increase the rate of colour development and .not the overall colour development. 
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Appendices 
Chapter Two 

Appendix 2.1 (XRD data for ABTS) 

Appendix 2.1 (a) 
Bond lengths for molecules 1 and 2. 

Molecule 1 Molecule 2 
Bonds Bond lengths (A) Bonds Bond lengths (A) 

S(ll) - 0(13) 1.457 (18) S(21} - 0(23) 1.466 (19) 

S(ll} - 0(11) 1.465 (19) S(21) - 0(21) 1.459 (19) 

S(ll) - 0(12) 1.469 (17) S(21) - 0(22) 1.457 (2) 

S(ll} - C(14) 1.773 (2) S(21) - C(24) 1.767 (2) 

S(12) - C(12) 1.764 (2) S(22} - C(22) 1.761 (2) 

S(l2} - C(ll} 1.775 (2) S(22} - C(21} 1.774 (3) 

N(ll) - C(ll) 1.289 (3) N(21) - C(21) 1.280 (3) 

N(ll} - N(ll) 1.410 (4) N(21) - N(21) 1.420 (4) 

N(l2} - C(ll} 1.380 (3) N(22) - C(21} 1.384 (3) 

N(12) - C(17} 1.390 (3) N(22) - C(27) 1.385 (3) 

N(l2} - C(18} 1.463 (3) N(22) - C(28) 1.465 (3) 

C(12} - C(13) 1.386 (3) C(22) - C(23) 1.383 (3) 

C(l2} - C(l7} 1.402 (3) C(22) - C(27} 1.403 (3) 

C(13) - C(14) 1.401 (3) C(23) - C(24) 1.392 (3) 

C(14) - C(15) 1.396 (3) C(24) - C(25) 1.391 (3) 

C(15) - C(16) 1.387 (3) C(25) - C(26) 1.382 (4) 

C(16) - C(17) 1.389 (3) C(26) - C(27) 1.388 (3) 

C(l8} - C(l9} 1.516 (4) C(28) - C(29) 1.507 (4) 
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Appendix 2.1 (b) 
Bond angles for molecules 1 and 2. 

Molecule 1 Molecule 2 
Bond angle Degrees Bond angle Degrees 

0(13) - 5(11) - 0(11) 111.97 (12) 0(21) - 5(21) - 0(23) 111.07 (11) 

0(13) - 5(11) - 0(12) 111.84 (11) 0(22) - 5(21) - 0(23) 111.60 (13) 

0(11) - 5(11) - 0(12) 112.26 (11) 0(22) - 5(21) - 0(21) 112.86 (13) 

0(13) - 5(11) - C(14) 107.72 (11) 0(23) - 5(21) - C(24) 106.90 (12) 

0(11) - 5(11) - C(14) 106.46 (11) 0(21) - 5(21) - C(24) 107.35 (11) 

0(12) - 5(11) - C(14) 106.15 (11) 0(22) - 5(21) - C(24) 106.69 (11) 

C(12) - 5(12) - C(ll) 90.32 (11) C(22) - 5(22) - C(21) 90.35 (12) 

C(ll) - N(ll) - N(ll) 111.2 (2) C(21) - N(21) - N(21) 110.4 (3) 

C(ll) - N(12) - C(17) 114.7 (2) C(21) - N(22) - C(27) 114.3 (2) 

C(ll) - N(12) - C(18) 121.8 (2) C(21) - N(22) - C(28) 121.3 (2) 

C(17) - N(12) - C(18) 123.1 (2) C(27) - N(22) - C(28) 124.2 (2) 

N(ll) - C(ll) - N(12) 122.9 (2) N(21) - C(21) - N(22) 123.4 (2) 

N(ll) - C(ll) - 5(12) 126.4 (2) N(21) - C(21) - 5(22) 125.7 (2) 

N(12) - C(ll) - 5(12) 110.73 (17) N(22) - C(21) - 5(22) 110.86 (18) 

C(13) - C(12) - C(17) 120.8 (2) C(23) - C(22) - C(27) 121.5 (2) 

C(13) - C(12) - 5(12) 127.88 (18) C(23) - C(22) - 5(22) 127.37 (19) 

C(17) - C(12) - 5(12) 111.34 (17) C(27) - C(22) - 5(22) 111.16 (18) 

C(12) - C(13) - C(14) 118.5 (2) C(22) - C(23) - C(24) 117.7 (2) 

C(15) - C(14) - C(13) 120.5 (2) C(25) - C(24) - C(23) 121.2 (2) 

C(15) - C(14) - 5(11) 118.95 (18) C(25) - C(24) - 5(21) 118.76 (19) 

C(13) - C(14) - 5(11) 120.55 (18) C(23) - C(24) - 5(21) 120.02 (19) 

C(16) - C(15) - C(14) 120.8 (2) C(26) - C(25) - C(24) 120.7 (2) 

C(15) - C(16) - C(17) 118.8 (2) C(25) - C(26) - C(27) 118.9 (2) 

C(16) - C(17) - N(12) 126.7 (2) C(26) - C(27) - N(22) 126.9 (2) 

C(16) - C(17) - C(12) 120.5 (2) C(26) - C(27) - C(22) 120.0 (2) 

N(12) - C(17) - C(12) 112.7 (2) N(22) - C(27) - C(22) 113.2 (2) 

N(12) - C(18) - C(19) 112.0 (2) N(22) - C(28) - C(29) 112.7 (2) 
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Appendix 2.1 (c) 

Atomic coordinates and equivalent isotropic displacement parameters for ABTS as one third of the trace 
of the orthogonalized Uij tensor. 

Atom x 
S(l 1) 0.9650(1) 
S(l 2) 0.6409(1) 
0(11) 0.9442(2) 
0(12) 0.8780(2) 
0(13) 1.1279(2) 
N(ll) 0.5315(3) 
N(l2) 0.6858(2) 
C(l 1) 0.6110(3) 
C(12) 0.7431(3) 
C(l 3) 0.8040(3) 
C(14) 0.8839(3) 
C(l5) 0.9038(3) 
C(l 6) 0.8396(3) 
C(l 7) 0.7579(3) 
C(l8) 0.6736(3) 
C(l 9) 0.5399(3) 
S(21) 0.4026(1) 
S(22) 0.1035( 1) 
0(21) 0.3002(2) 
0(22) 0.3889(3) 
0(23) 0.5634(2) 
N(21) 0.0425(3) 
N(22) 0.2049(3) 
C(21) 0.1119(3) 
C(22) 0.2153(3) 
C(23) 0.2559(3) 
C(24) 0.3462(3) 
C(25) 0.3953(3) 
C(26) 0.3513(3) 
C(27) 0.2602(3) 
C(28) 0.2288(3) 
C(29) 0.1192(4) 
0(1) 0.9799(3) 
N(l) 0.8119(3) 
0(2) 0.6321(3) 
N(2) 0.3288(3) 

y 
0.1588(1) 
0.0370(1) 
0.1966(1) 
0.1505(1) 
0.1492(1) 
0.0135(1) 
0.0659(1) 
0.0369(1) 
0.0784(1) 
0.0992(1) 
0.1312(1) 
0.1414(1) 
0.1209(1) 
0.0895(1) 
0.0732(1) 
0.0985(1) 
0.1965(1) 
0.0642(1) 
0.2079(1) 
0.2193(1) 
0.1941(1) 
0.0037(1) 
0.0486(1) 
0.0343(1) 
0.0965(1) 
0.1311(1) 
0.1521(1) 
0.1388(1) 
0.1045(1) 
0.0832(1) 
0.0292(1) 
0.0414(1) 
0.2902(1) 
0.2335(1) 
0.1984(1) 
0.2909(1) 

z 
0.0308(1) 

-0.2375(1) 
-0.0244(2) 
0.1686(2) 
0.0674(2) 

-0.5474(3) 
-0.5175(2) 
-0.4554(3) 
-0.2392(3) 
-0.1058(3) 
-0.1349(3) 
-0.2948(3) 
-0.4281(3) 
-0.3998(3) 
-0.6938(3) 
-0.7504(4) 
0.5448(1) 
0.4047(1) 
0.3997(2) 
0.6875(2) 
0.5098(2) 
0.5777(3) 
0.7091(2) 
0.5753(3) 
0.5255(3) 
0.4796(3) 
0.5957(3) 
0.7519(3) 
0.7982(3) 
0.6845(3) 
0.8661(3) 
0.9836(4) 

-0.0863(3) 
-0.3230(3) 
0.1903(3) 
0.5289(3) 

U(eq) 
0.021(1) 
0.025(1) 
0.034(1) 
0.027(1) 
0.031(1) 
0.028(1) 
0.024(1) 
0.024(1) 
0.020(1) 
0.021(1) 
0.020(1) 
0.023(1) 
0.023(1) 
0.020(1) 
0.026(1) 
0.043(1) 
0.024(1) 
0.026(1) 
0.032(1) 
0.045(1) 
0.036(1) 
0.031(1) 
0.025(1) 
0.025(1) 
0.021(1) 
0.021(1) 
0.022(1) 
0.027(1) 
0.028(1) 
0.022(1) 
0.027(1) 
0.042(1) 
0.036(1) 
0.033(1) 
0.038(1) 
0.029(1) 



Appendix 2.2 (DAB method as used by ESR:Forensic) 

General procedure 

216 

Fingerpru:its contaminated with blood are enhanced with DAB by first stabilising or fixing the 
blood by unmersion in sulfosalicylic acid. Articles are then washed in distilled water followed by 
immersion in freshly activated DAB working solution to stain the blood to a dark brown colour. 
This is followed by a wash in distilled water after which articles are allowed to dry at room 
temperature. 

1. Pour sufficient sulfosalicylic acid solution to treat article in a clean, dry, glass dish and 
immerse article for two to three minutes. 

2. Wash article in a dish of distilled water. 
3. Pour sufficient freshly activated DAB working solution into a clean, dry, glass dish to treat 

article. Immerse article in working solution until fingerprints become a dark brown colour. This 
will take approximately four minutes. 

4. Thoroughly wash article in a dish of distilled water, then allow to air dry. 
5. Photograph useful fingerprints. 

Preparation of Sulfosalicylic Acid (fixative solution) 
1. Weigh out 20 grams of 5-sulfosalicylic acid. Place in a clean 2 litre glass beaker. 
2. Add 1 litre of distilled water and stir with a magnetic stirrer until all the powder has 

dissolved. 
3. Transfer to a clean, labeled, 1 litre glass bottle with a well fitting screw top. Use either a dark 

glass bottle or cover with silver foil. Store in the dark at room temperature. 

Preparation of Phosphate Buffer 
Add 100 mL of 1 Molar phosphate buffer, pH 7.4, to 800 mL of distilled water in a clean, 
labeled, 1 litre glass bottle with a well fitting screw top. 
The solution can be stored at room temperature and will keep indefinitely. 
To make up 1 litre of 1 Molar phosphate buffer dissolve 178 g of di-sodium hydrogen 
orthophosphate dihydrate (Na2HP04.2H20) in 1 litre of distilled water. Adjust the pH to 7.4 
with 85% phosphoric acid. It is important that the phosphate buffer used does not contain 
sodium azide as preservative. 

Preparation of Preliminary DAB Solution 
1. Weigh out 5 grams of DAB (3,3'-diaminobenzidine) into a clean 1 litre beaker. 
2. Add 500 mL of distilled water and stir with a magnetic stirrer until all the powder has 

dissolved. 
3. Transfer to clean, labeled, 20 mL glass vials. Store in the freezer at -20°C until required. (The 

vials used must be good quality glass to withstand freezing and re-thawing.) 

Preparation of DAB Activated Working Solution 
This solution must be made up fresh just prior to use. 

1. Thaw out a 20 mL aliquot of DAB solution. 
2. Mix together 180 mL of phosphate buffer and 20 mL of thawed DAB solution. 
3. Add 1 mL of 30% hydrogen peroxide. 
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Appendix 2.3 (calculation of the correct ratio of ABTS to H20 2) 

In the cuvette trials 10 µL of 2.7% H20 2 at pH 5.4 was found to be optimal for ABTS colour 
development. The concentration of the ABTS stock solution used to prepare solutions for the 
cuvette trial was 2.5 g/L (125 mg /50 mL). A 100 µL aliquot of this ABTS stock solution was 
added to 11.7 mL to give a final volume of 11.8 mL. Therefore the dilution factor is 8.475 x 10·3 

(0.1 mL /11.8 mL). The concentration of ABTS in the diluted solution is 0.02119 g/L (8.475 x 10-
3 X 2.5 g/L). 

The mass of ABTS contained in this 0.02119 g/L ABTS solution is 2.5 x 10-4 g [0.02119 g/L x 
(11.8 mL /1000 mL]. If 1 g ABTS /2.5 x 10·4 g ABTS equals 4000 then 10 µL 2.7% H20 2 

multiplied by this factor of 4000 equals 40 mL. 

!So 1 g ABTS requires 40 mL of 2.7% H20 2 (or 4 mL of 2.7% H20 2)for optimal colour development.! 

Appendix 2.4 (calculation of the correct ratio of DAB to H20 2) 

In the cuvette trials 100 µL of 2.7% H20 2 at pH 5.0 was found to be optimal for DAB colour 
development. The concentration of the DAB stock solution used to prepare solutions for the 
cuvette trial was 0.12 g/L (30 mg /250 mL). A 1 mL aliquot of this DAB stock solution was 
added to 11.5 mL to give a final volume of 12.5 mL. Therefore the dilution factor is 0.08 {l mL 
/12.5 mL). The concentration of DAB in the diluted solution is 9.6 x 10·3 g/L (0.08 x 0.12 g/L). 

This result can be compared with that calculated for the ESR:Forensic method. The concentration 
of the DAB stock solution used is 10 g/L (5 g /500 mL). A 20 mL aliquot of this DAB stock 
solution is made up to 200 mL with phosphate buffer (pH 7.4) and 1 mL 27% H20 2 is added. 
Therefore the dilution factor is 0.0995 (20 mL /201 mL). The concentration of DAB in the diluted 
solution is 0.995 g/L (0.0995 x 10 g/L). 

1 mL of this diluted solution is 27% H20 2 which is equivalent to 10 mL of 2.7% H20 2• 

10 mL 2.7% H20 2 (ESR:Forensic method) /0.1 mL 2.7% H20 2 (optimised method)= 100 

Therefore 100 x 0.0096 g/L (DAB concentration for optimised method) = 0.96 g/L 

Optimised ratio= 0.96 g/L of DAB per 1 mL of H20 2 

ESR:Forensic ratio = 0.995 g/L of DAB per 1 mL of H20 2 
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Appendices 
Chapter Three 

Appendix 3.1 (calculation of the correct ratio of OPD to H20 2) 

In the cuvette trials 50 µL of 2.7% H20 2 at pH 5.4 was found to be optimal for OPD colour 
development. The concentration of the OPD stock solution used to prepare solutions for the 
cuvette trial was 0.5 g/L (50 mg /100 mL). A 500 µL aliquot of this OPD stock solution was 
added to 11.7 mL to give a final volume of 12.2 mL. Therefore the dilution factor is 40.98 x 10-3 

(0.5 mL /12.2 mL). The concentration of OPD in the diluted solution is 0.02049 g/L (40.98 x 10-3 

x 0.5 g/L). 

The mass of OPD contained in this 0.02049 g/L OPD solution is 2.5 x 10-4 g [0.02049 g/L x (12.2 
mL /1000 mL]. If 1 g OPD /2.5 x 10-4 g OPD equals 4000 then 50 µL 2.7% H20 2 multiplied by 
this factor of 4000 equals 200 mL. 

So 1 g OPD requires 200 mL of 2.7% H20 2 (or 20 mL of 27% H20 2) for optimal colour 
development. 

Appendix 3.2 (calculation of the correct ratio of PPD to H20 2) 

In the cuvette trials 100 µL of 2.7% H20 2 at pH 5.4 was found to be optimal for PPD colour 
development. The concentration of the PPD stock solution used to prepare solutions for the 
cuvette trial was 0.5 g/L (50 mg /100 mL). A 500 µL aliquot of this PPD stock solution was 
added to 11.7 mL to give a final volume of 12.2 mL. Therefore the dilution factor is 40.98 x 10-3 

(0.5 mL /12.2 mL). The concentration of PPD in the diluted solution is 0.02049 g/L (40.98 x 10-3 

x 0.5 g/L). 

The mass of PPD contained in this 0.02049 g/L PPD solution is 2.5 x 10-4 g [0.02049 g/L x (12.2 
mL /1000 mL]. If 1 g PPD /2.5 x 10-4 g PPD equals 4000 then 100 µL 2.7% H20 2 multiplied by 
this factor of 4000 equals 400 mL. 

So 1 g PPD requires 400 mL of 2.7% H20 2 (or 40 mL of 27% H20 2) for optimal colour 
development. 



Appendices 
Chapter Four 

Appendix 4.1 (comparison of the excitation-emission spectra of X4 and 
petroleum spirits (b.p. 40-60°C)) 
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Fluorescence spectra of X4 and petroleum spirits (b.p. 40-60°C) were obtained to provide a 
comparison between the two solvents. A 5 nm slit width was used for excitation and emission. 
Results are presented in Tables 4.l(A) to 4.3(A). 

Appendix 4.l(a) 
Emissions for X4 and Petroleum Spirits (b.p. 40-60°C). 

X4 
(excitation at 266 nm) 

Emission A Intensity 
292.5 561 
322.5 260 
335.5 241 

534.5 125 
569.0 491 
579.5 491 
640.0 100 

Appendix 4.1 (b) 

Pet. Spirits (b.p. 40-60'C) 
( excitation at 201 nm) 

Emission A Intensity 
293.6 508 

405.2 41 

581.4 411 

Excitations for X4 and Petroleum Spirits (b.p. 40-60°C). 

X4 
(for 292 nm emission) 

Excitation A Intensity 

225.5 
266.5 

Appendix 4.1 (b) 

322 
566 

Excitations for X4 and Petroleum Spirits (40-60"C). 

X4 
(for 580 nm emission) 

Excitation A Intensity 

225.5 
266.5 

266 
490 

Pet. Spirits ( 40-60°C) 
(for 293 nm emission) 

Excitation A Intensity 
201.0 489 
215.0 474 
269.0 60 

Pet. Spirits ( 40-60°C) 
(for 581 nm emission) 

Excitation A Intensity 
200.0 418 
216.0 405 
268.0 57 



Appendix 4.2 (a) 
Raw intensity data for three dimensional emission-excitation spectrum of Eu(fod) 3 

Emission Excitation wavelength (nm) 
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Appendix 4.2 (a) (continued ... ) 
Raw intensity data for three dimensional emission-excitation spectrum of Eu(fod) 3 

Emission Emission wavelength (nm) 
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Appendix 4.2 (b) 
Raw intensity data for three dimensional emission-excitation spectrum of Tb(fod) 3 

Emission Excitation wavelength (nm) 

222 



Appendix 4.2 (b) (continued ... ) 
Raw intensity data for three dimensional emission-excitation spectrum of Tb(fod) 3 

Emission Excitation wavelength (nm) 
-wavelen 
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Appendices 
Chapter Five 

Appendix 5.1 (synthesis of 2,3-Naphthalenedicarboxaldehyde) 

2,3-Naphthalenedicarboxylic Acid 
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The procedure of Carlson was employed with some modifications. A mixture of a,a,a',a'­
tetrabromo-o-xylene (4.38 g, 0.0104 mol), sodium iodide (10.43 g, 0.0696 mol), maleic anhydride 
(3.06 g, 0.0312 mol), and dry DMF (35 mL) was heated on a steam bath under aspirator vacuum. 
After approximately 1 hour the solution started to bump excessively up the condensor tube. It 
was decided therefore, to carry out the reflux on a hotplate/magnetic stirrer to avoid the 
bumping. A significant amount of reaction mixture was lost during transferal to a triple-necked 
flask and from the previous excessive bumping. The triple-necked flask was necessary for the 
monitoring of the temperature with a thermometer (temperature was kept below 100°C). The 
solution was refluxed smoothly for 4 hrs. The reaction mixture was poured into water (350 mL) 
containing sodium bisulfite (5.0 g). The pale-yellow solid obtained on filtration was dissolved in 
dilute NaOH and the solution decolourized with charcoal. Charcoal was removed by filtration 
and the filtrate cooled in an ice bath. Acidification with concentrated H2S04 gave a white 
precipitate that was filtered, washed with cold water, and dried for 48 hrs on a freeze drier. The 
white precipitate which was filtered was very fine and tended to pass through standard filter 
paper therefore thicker filter paper was used. It was difficult however, to retrieve all the 
precipitate. The yield of 2,3-naphthalenedicarboxylic acid was 0.4578 g (20.38%). This sample 
was used in the next step without purification. 

2,3-Bis(hydroxymethyl)naphthalene 
A suspension of LiAlH4 (0.32 g, 0.0085 mol) in 30 mL of dry ether was stirred under N2, and a 
solution of 2,3-naphthalenedicarboxylic acid (0.46 g, 0.0021 mol) in 20 mL of dry THF was 
added dropwise at a rate that maintained a gentle reflux of the solvent. After addition was 
complete, the reaction mixture was heated under reflux for 5 hrs. Some loss of 2,3-
naphthalenedicarboxylic acid was incurred at this step because the solid was placed in the 
bottom of the pressure equalizing addition funnel and then the THF poured on top of the solid. 
Most of the solid was wedged down the narrow part of the funnel where it was difficult for the 
THF to come into full contact with it therefore dissolution was excessively slow. The THF and 
solid was therefore swirled into a round bottomed vessel in order to encourage dissolution. This 
swirling, transfer procedure had to be repeated a number of times in order to retrieve all solid 2,3-
naphthalenedicarboxylic acid from the addition funnel. Excess LiAlH4 was destroyed by the 
dropwise addition of ethyl acetate. Enough ethyl acetate was added when subsequent addition 
of dilute aqueous HCI produced no fizzing. The clear solution was carefully decanted, and more 
ether was added to the residual grey precipitate. The supernatant liquid was again removed by 
decantation. Water was added to the residue and the mixture extracted with ether. The ether 
extracts were combined and washed once with brine. After drying with MgS04.H20, the solvent 
was removed using a rotary evaporator. An off white solid was removed from the round 
bottomed flask and filtered and washed with a mixture of ether-hexane (1:2). The washing was 
repeated a few times. The solid still remained an off-white colour. After drying, 102 mg (25.53%) 
of the diol was obtained; mp 153-155 °C (lit. mp160 °C). 
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2,3-N aphthalenedicarboxaldehyde 
Dry dimethyl sulfoxide (1.057 mL, 0.0149 mol) in CH2Cl2 (3.197 mL) was added dropwise to a 
cold (-83.9 °C) solution of oxalyl chloride (0.13 mL, 0.0015 mol) in CH2Cl2 (10.833 mL). After 5 
min a solution of the diol (0.102 g, 0.0005 mol) in a mixture of 3.75 mL of THF and 0.3 mL of 
dimethyl sulfoxide was added dropwise. The resulting white slurry was vigorously stirred for 1 
hr, triethylamine (0.83 mL, 0.0060 mol) was added, and the reaction mixture allowed to warm to 
room temperature. After 1.5 hr, the reaction mixture was poured into water and extracted with 
ether. The combined ether extracts were washed with water and dried. Evaporation of the solvent 
gave a pale yellow solid that was recrystallized from ethyl acetate to yield 12 mg (13 %) of 2,3-
naphthalenedicarboxaldehyde. It was decided that this was too small an amount to be of use, 
and since this was the third attempt at producing a useful amount of 
naphthalenedicarboxaldehyde it was decided at this point that it would be better to purchase 
some from Aldrich Chemical Company. 

Appendix 5.2 (OPA emissions) 

Emission intensity results are presented in Table 5.l(A) for a 3.3 x10-s mol/L solution of OPA in 
which no methanol was used to dissolve the OP A and no Brij® 35 was added. Intensities were 
recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (a) 
Emission intensities for an OPA solution with no Brij® 35 and with excitation at 337 nm. 

Time (mins) 
4 
6 
9 

11 
12 
14 
17 
20 
22 

Peak emission wavelength (nm) 
448.0 
451.0 
450.0 
449.0 
451.5 
450.0 
452.0 
449.0 
449.0 

Intensity 
367 
369 
366 
365 
363 
359 
358 
355 
352 
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Emission intensity results are presented in Table 5.2(A) for a 3.3 x10·5 mol/L solution of OPA in 
which 37 µL methanol was used to dissolve the OP A and llµL 15% Brij® 35 was added. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (b) 
Emission intensities for an OPA solution with Brij® 35 and excitation at 337 nm (1) . 

Time (mins) Peak emission wavelength (nm) Intensity 
4 450.0 448 
5 450.5 465 
6 449.0 478 
8 453.0 498 

10 452.0 510 
13 451.0 529 
17 452.0 531 
26 450.0 625 
29 451.0 617 
36 451.0 720 
39 449.0 691 
40 450.5 689 
46 450.0 706 
48 449.5 694 
50 450.0 681 
136 448.0 612 
199 448.0 591 

Emission intensity results are presented in Table 5.3(A) for a 3.3 x10·5 mol/L solution of OP A as 
used above but with an additional 2 mL methanol added to the solution before dilution. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (c) 
Emission intensities for an OPA solution with Brij® 35 and an additional 2 mL methanol with 
excitation at 337 nm. 

Time (mins) Peak emission wavelength (nm) Intensity 
21 452.0 373 
23 452.0 389 
25 453.0 395 
31 450.5 408 
33 450.5 405 
35 449.0 396 
41 451.0 412 
43 449.5 401 
45 449.5 396 
137 448.0 368 
139 448.5 362 
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Emission intensity results are presented in Table 5.4(A) for a 3.3 x10·5 mol/L solution of OPA in 
which 37 µL methanol was used to dissolve the OP A and 1 lµL 15% Brij® 35 was added. 
Intensities were recorded at various time intervals after the ti.me of L-analine addition. 

Appendix 5.2 (d) 
Emission intensities for an OPA solution with Brij® 35 and excitation at 337 nm (2). 

Time (mins) Peak emission wavelength (nm) Intensity 
4 450.5 648 
6 450.5 650 
8 450.0 652 

10 451.0 652 
12 448.0 648 
14 450.5 645 
16 449.0 638 
18 449.5 629 
20 449.0 621 
22 449.5 611 
64 450.5 629 
66 450.5 612 
103 448.0 596 
180 449.0 565 
285 447.0 519 

Emission intensity results are presented in Table 5.S(A) for a 3.3 x10·5 mol/L solution of OP A in 
which 100 µL methanol was used to dissolve the OP A and 300 µL 30% Brij® 35 was added. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (e) 
Emission intensities for an OPA solution with 300 µL 30% Brij® 35 and 100 µL methanol and 
with excitation at 337 nm. 

Time (mins) 
4 
6 
8 

10 
14 
16 
18 
21 
23 
28 
31 
67 
94 

Peak emission wavelength (nm) 
449.5 
449.5 
451.0 
448.5 
453.0 
450.5 
449.0 
449.0 
450.5 
449.5 
451.5 
447.0 
447.5 

Intensity 
339 
341 
339 
339 
342 
345 
337 
342 
337 
335 
332 
285 
282 
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Emission intensity results are presented in Table 5.6(A) for a 3.3 x10·5 mol/L solution of OPA in 
which 2 mL methanol was used to dissolve the OP A and 300 µL 30% Brij® 35 was added. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (f) 

Emission intensities for an OPA solution with 300 µL 30% Brij® 35 and 2 mL methanol with 
excitation at 337 nm. 

Time (mins) 
6 
8 
9 
12 
14 
17 
23 
31 
33 
39 
45 
46 
49 
88 
113 

Peak•emission wavelength (nm) 
452.0 
449.5 
449.0 
449.0 
450.5 
450.0 
448.5 
450.0 
449.5 
450.0 
451.0 
448.5 
448.5 
449.0 
446.0 

Intensity 
350 
352 
354 
351 
349 
351 
350 
359 
350 
348 
344 
338 
338 
333 
284 

Emission intensity results are presented in Table 5.7(A) for a 3.3 x10·5 mol/L solution of OP A in 
which 2 mL methanol was used to dissolve the OP A and 1 lµL 15% Brij® 35 was added. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.2 (g) 
Emission intensities for an OPA solution with 11 µL 15% Brij® 35 and 2 mL methanol with 
excitation at 337 nm. 

Time (mins) Peak emission wavelength (nm) Intensity 
4 451.0 290 
5 447.5 294 
6 449.5 302 
9 450.0 307 

15 451.0 306 
18 453.5 304 
20 449.0 304 
30 452.0 323 
32 452.0 312 
42 450.5 305 
60 451.0 281 
62 449.5 279 
75 448.0 270 
96 448.5 270 
120 448.0 263 
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Appendix 5.3 (NDA emissions) 

Emission intensity results are presented in Table 5.S(A) for a 3.3 x10-s mol/L solution of NOA in 
which 2 mL methanol was used to dissolve the NDA and no Brij® 35 was added. Intensities were 
recorded at various time intervals after the time of L-analine addition. 

Appendix 5.3 (a) 

Emission intensities for an NDA solution with no Brij® 35 and with excitation at 418 nm. 

Time (mins) 
4 
6 
10 
12 
14 
17 
20 
23 
80 

109 
152 
172 
180 

Peak emission wavelength (nm) 
475.5 
475.0 
478.0 
474.0 
475.5 
479.0 
475.5 
475.5 
475.5 
477.0 
476.0 
477.5 
474.5 

Intensity 
184 
206 
219 
231 
237 
246 
251 
303 
305 
321 
343 
347 
352 

Emission intensity results are presented in Table 5.9(A) for a 3.3 x10-s mol/L solution of NDA in 
which 2 mL methanol was used to dissolve the NDA and 1 lµL 15% Brij® 35 was added. 
Intensities were recorded at various time intervals after the time of L-analine addition. 

Appendix 5.3 (b) 
Emission intensities for an NDA solution with Brij®35 added and excitation at 418 nm. 

Time (mins) Peak emission wavelength (nm) Intensity 
3 479.0 181 
5 475.5 212 
9 477.5 237 
11 476.5 243 
14 476.5 253 
15 477.0 254 
16 478.5 257 
18 473.5 260 
20 477.5 264 
22 475.5 269 
25 475.5 275 
30 476.5 283 
39 477.0 297 

121 474.5 390 
129 475.0 394 
167 472.0 419 
177 478.0 400 
180 479.5 403 
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Appendix 5.4 (ADA emissions) 

Emission intensity results are presented in Table 5.lO(A) for a 3.3 xt0·5 mol/L solution of ADA 
prepared in methanol before dilution in borate buffer. Intensities were recorded at various time 
intervals after the time of L-analine addition. 

Appendix 5.4 (a) 
Emission intensities for an ADA solution with excitation at 405 nm. 

Time (mins) Peak emission wavelength (nm) Intensity 
4 539.0 171 
7 539.0 201 
10 540.5 207 
14 539.5 229 
21 539.0 256 
26 538.0 269 
27 537.5 273 
28 538.5 275 
29 538.5 276 
32 538.5 277 
33 538.5 281 
36 537.5 285 
42 538.5 244 
43 538.0 246 
44 538.5 254 
45 538.0 262 
48 537.5 280 
53 537.0 280 
58 536.0 281 
86 533.5 313 
89 535.5 310 
91 534.0 311 
95 532.5 310 
97 535.0 308 
99 534.0 306 

102 535.5 295 
108 534.5 282 
117 533.0 310 
118 532.5 310 
120 534.0 310 
149 536.0 241 
151 536.5 242 
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