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Abstract: Increasingly stringent requirements on the 
thin film quality in terms of surface roughness and 
thickness are successfully met by a novel laser 
processing technique – Matrix Assisted Pulsed Laser 
Evaporation (MAPLE). We performed MAPLE 
deposition of thin films of some blood protein 
(cryoglobulin). using a KrF* excimer laser source 
(λ= 248 nm, τ = 20 ns) operated at a repetition rate 
of 10 Hz. We report herewith the influence of 
deposition parameters (laser fluence, number of 
pulses, target-substrate distance) on MAPLE films 
growth rate features. Potential biomedical 
applications of obtained structures is discussed. 
 
Introduction 
 

Functionalized materials include a large class of 
candidates that range from inorganics and simple 
polymers to enzymes, active proteins, antibodies, 
nucleic acids and living cells. Biomaterial transfer from 
target to substrate requires identically preserving 
molecular functions that is much stricter requirement 
than the retention of main peaks in case of passive 
materials. Because in case of functionalized materials 
the chemical bonds have assigned energies well below 
those corresponding to UV photon energies, some 
degree of photochemical decomposition is expected 
during the Pulsed Laser Deposition (PLD) processing 
[1]. New attractive solutions of this problem have 
emerged: UV Matrix Assisted Pulsed Laser Evaporation 
(UV-MAPLE) [2], Resonant Infrared-PLD (RIR-PLD) 
[3] or their combination RIR-MAPLE [4]. 

In PLD, the laser is used for ablation of bulk 
material, which is then collected on the substrate. RIR-
PLD differs from PLD in using of an IR laser tuned to 
be resonant with a specific vibrational mode wavelength 
of the molecule. In this case the result is a non-harmful 
soft evaporation even for large molecules. The main 

drawback of this method is the demand of using an 
infrared laser, which must be tuned to a characteristic 
wavelength such as free electron laser (which is tunable 
from 2 to 10 µm [3-5]) or Er:YAG (2940 nm), which is 
efficient for alcohol as a matrix [6]. Also, basically 
MAPLE is very similar to PLD. It deviates from PLD 
by target preparation and deposition conditions, such as 
the laser fluence, which is often significantly lower. The 
frozen target (from 77 K to 240 K) consists of solute 
functionalized compound dissolved at low concentration 
(0.05 - 5 wt. %), in a volatile solvent (consequently the 
word „matrix“) that in the ideal case strongly absorbs at 
laser wavelength. Ideally, the laser  energy is absorbed 
by the matrix and the solute is softly ejected from the 
target and carried towards the substrate while the 
solvent is pumped away and layers composed of large 
molecules are grown. Another reason why the solvent is 
not deposited is the “plume sharpening effect” [7]. This 
behavior known from matrix assisted laser desorption 
ionization mass spectrometry (MALDI-MS) has been 
demonstrated in case of heavier molecules of 
functionalized materials. Then the angular distribution 
of the plume is narrower than that corresponding to the 
lighter solvent (matrix) [8].  

Cryoglobulin is an interesting diagnostic blood 
protein that has the unusual property of precipitating 
from the blood serum when chilled to 0-4 C (hence the 
"cryo-") and redissolving when it is rewarmed to 37 C 
[9]. The physician must interpret the cryoglobulin result 
along with other test results and the patient’s clinical 
condition and medical history. The increased 
complexity to obtain a certain result requires 
supplementary clinical tests. In order to examine 
different amounts of cryoglobulin, these proteins must 
be transferred onto assays for further structural and 
morphological investigations as fast as possible. 
Meanwhile, it is essential that specimens submitted for 
evaluation be properly collected and processed. For 
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 further medical investigations, maintaining cryogenic 
conditions against fragmentation, rearrangement, and 
degradation is mandatory. MAPLE processing offers an 
attractive alternative because of advantages, such as 
compatibility with noncontact masking techniques and 
minimum possible degradation. 

We review relevant data about the growth dynamic 
of UV- and RIR-MAPLE deposited thin films. Also 
deposition details on cryoglobulin, including films 
characterization, are given. 
 
MAPLE growth rate 
 

The PLD growth rate (nm/pulse) is influenced by 
laser intensity incident on target, spot size, target-
substrate distance, ambient atmosphere, optical and 
mechanical properties of target, substrate temperature 
and target-substrate-laser beam geometrical 
configuration. Typical PLD deposition rate is about 1 
nm/pulse [1]. In MAPLE additional parameters such as 
properties of solvent, concentration of material/solvent 
in the target and target temperature are necessary to be 
taken into account. 
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Figure 1: Transmission spectra of frequently used 
materials and solvents. 

 
Examples of transmission spectra of some pure 

solvents and prepared solutions are presented in Figure 
1. We see that there is a difference in absorption 
properties of solvents for usually used excimer lasers 
(i.e., ArF – 193 nm, KrF – 248 nm, XeCl – 308 nm). 

A comparison between MAPLE and PLD deposited 
thin films performed under nearly identical 
experimental conditions shows that MAPLE is about 4-
8 times slower than PLD [18]. It has been shown that in 
both cases (PLD, MAPLE), the growth rate increases 
roughly as 21 tsd  with decreasing target-to-substrate 
distance [26] As the laser fluence in MAPLE is very 
low, because the high fluence usually causes 
degradation of deposited material. On the other hand an 
important parameter is the ablation threshold that 

corresponds to a value after which the amount of ejected 
material from the target rapidly grows [17]. This has 
been observed as a minimal fluence, which is necessary 
for deposition [16]. The simplest way to create a usable 
target from a solution is to freeze it below the solvent 
melting point. The liquid nitrogen is frequently used as 
a medium, but when temperature going from 223 K to 
113 K the growth rate is dropping 3−5 times [18]. 

 
Table 1: Summary of deposition conditions and film 
growth rate for various experiments using MAPLE and 
RIR-MAPLE technique * = mg/ml, LN – liquid 
nitrogen temperature, N/A – not available 
 
MAPLE-
deposited 
material 

Solvent Fluence 
[J/cm2] λ [nm] Pressu

re [Pa] 
Growth rate 

[Å/shot] Ref 

cryoglobulin blood 
plasma 0.3 248 10-4 0.15-1.21 This 

work 

fibrinogen physiologic 
serum 0.1-0.4 248 5-15, 

N2 
0.01-1.93 10 

triacetate-
pullulan CHCl3 0.1-0.5 248 10-4 0.03-11.12 11 

InAcAc acetone 0.07-
0.15 248 3, N2 0.06-0.69 12 

PhNi DMSO 0.15-0.5 248 3, N2 0.02-0.58 13 

CuTTP CHCl3 0.1/0.2 248 3, N2 0.11/2.50 13 

CuTTP CHCl3 0.05-0.1 248 3, N2 0.12/0.19 13 

PhCo DMSO 0.3/0.5 248 3, N2 2.06/1.54 13 

SXFA CHCl3 0.1-0.2 193 0.1-6.7, 
N2 

0.05 14 

Mn12-acetate 3-butanol 0.8-1.8 248 0.13-13 0.01-0.03 15 

PEG CHCl3 / 
H2O 

0.22-
0.23 193 10-3 -

10-4  0.1-0.21 16 

glucose, 
sucrose, 
dextran 

H2O 0.05-
0.25 193 6.65, 

Ar 0.05 17 

SXFA 3-butanol 0.2-0.3 248 6.65, 
Ar 0.03 17 

HRP PBS 0.1-0.2 193 10-2 -
10-3  0.2-0.6 18 

PGA - PLA ethyl 
acetate 0.165 193 10-4 0.024 19 

PEG H2O 2.5-10 355 10-4 0.06-0.29 20,21,22 

MAP analog H2O 0.41-
0.62 193 10-4 0.03-0.05 23,24 

P3HT orthoxylene 0.2 266 10-4 - 
10-2 0.009-0.05 25 

fluoropolyol alcohol 3 2940 <0.66 10 6 

 
Another important growth rate parameter is 

concentration of the material in solution. Recent studies 
[20,21] showed that in the range from 0.5 to 4 wt. % the 
yield is linear proportional to the material concentration. 
However it is necessary to take into consideration the 
very high fluence value used to compensate low 
absorption of the solvent at the laser wavelength. This 
reveals one of the main issues of MAPLE: finding the 
proper solvent suitable for material and laser. The 
material absorption at the incident laser wavelength 
could influence the growth rate in a critical way. 
MAPLE-depositions are performed for very low laser 
fluences, compared to PLD, where typically 2 Jcm-2 are 
applied (up to 33 Jcm-2 [27]). 
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 We collected deposition data concerning MAPLE 
deposition, but most of experiments are focused on 
quality of deposited films than on film growth rate. The 
articles where the growth rate was directly reported or 
where we were able to calculate it are summarized in 
Table 1. We notice that the MAPLE growth rate ranges 
from 0.001 nm/pulse to 1.1 nm/pulse. The value of 1.1 
nm/pulse is quite high for MAPLE, because usually the 
growth rate does not exceed 0.2 nm/pulse. The 
deposition rate for RIR-PLD and RIR-MAPLE is 
approximately the same (about 1.0 nm/shot) [3-26]. It is 
higher due to the better efficiency of energy transfer 
between laser pulse and material. 

We can conclude therefore that MAPLE is less 
efficient and more expensive than conventional PLD for 
at least from the point of view of the growth rate of 
obtained structures. To compensate somehow we further 
discuss an example that in our opinion demonstrates 
which are the reasons to further apply and develop the 
MAPLE technique for deposition of an important class 
of functionalized materials. This is the unique capability 
of MAPLE to preserve the starting composition and 
structure of any material including biomaterials with 
delicate and/or large molecules. To this aim we first 
conducted experiments with cryoglobulin and we 
further give convincing results in support of these 
capability and performances. 

 
Cryoglobulin deposition 
 

An essential condition for proper evaluation of 
cryoglobulin level is the clean and accurate 
manipulation/transfer. This prerequisite is successfully 
met by laser processing. 

The protein investigated in this work was the high 
quality type II cryoglobulin provided by the Longhin 
Scarlat Dermato-Venerologic Hospital, Bucharest, 
Romania. At room temperature, 0.15 mg/ml solutions 
were obtained by dissolving the cryoglobulin in blood 
plasma. The resulting solution was introduced in a 
stainless steel cup of 3.1 cm diameter and 3 mm height 
and frozen at the liquid nitrogen temperature (77 K). 
Films were grown by MAPLE arrangement at the IP 
ASCR, Prague (KrF excimer laser, rotated target holder 
-cooled to LN temperature) [28]. Deposition conditions 
are included in Table 1. Films were characterized by 
FTIR. 

In Figure 2 we present typical transmission FTIR 
spectra recorded for the starting material as dropcast and 
for the MAPLE-deposited cryoglobulin thin films. We 
identified in our spectra several distinct bands. A broad 
absorption in the 3330 cm-1 region may be assigned to 
the NH stretching vibration of the secondary amide. It 
has an absorption band around 3075 cm-1 which is the 
overtone of the –NH absorption around 1550 cm-1. 
Secondary amides show the carbonyl absorption around 
1650 cm-1. An absorption around 1550 cm-1 is indicative 
of the –C(O)NH- structure in aliphatic secondary 
amides. Absorptions around (1150-1000) cm-1 may be 
indicative of the –CN stretch in aliphatic ethers. For 
aliphatic hydrocarbons in the (2950-2750) cm-1 region 
are assignable to the –CH, -CH2, and –CH3 

carbon/hydrogen stretch vibrations. Absorptions around 
1460 cm-1 are indicative of CH2 and –CH3 groups while 
those at 1380 cm-1 are indicative of -–CH3 groups. In 
general, we remark that in case of low fluences (Fig. 
2a), the MAPLE-obtained cryoglobulin thin films 
preserve the typical IR signature/fingerprint of amides 
groups. Typically when all the important functional 
groups are maintained and there are no new degradation 
peaks, it can be assumed that the protein functionality is 
preserved in the film. On the other hand it can be 
noticed that the aforementioned amides groups 
degenerate at higher fluences forming aldehydes and 
carboxylic acids (Fig. 2b-c). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Typical transmission FTIR spectra of type II 
cryoglobulin for the starting material (dropcast), (a) for 
thin film obtained by MAPLE at a fluence of 100 mJcm-

2, (b) for thin film obtained by MAPLE at a fluence of 
200 mJcm-2, and (c) for thin film obtained by MAPLE at 
a fluence of 300 mJcm-2. 
 
 Figure 3 contains the SEM micrographs of 
cryoglobulin thin films deposited by MAPLE technique. 
Fig. 3a. demonstrates that at lower fluencies (100 mJcm-

2) the surface exhibits a specific morphology where the 
aspect with a continuous and uniform cryoglobulin 
placement is clearly visible. It preserves the structural 
integrity on the blood plasma matrix. In Fig. 3b-c when 
the fluence is increased we can notice pores and large 
endonurial cryoglobulin units formed by denaturation 
and even agglutination/contraction tendency (200 
mJcm-2) and finally to disordered and decomposed 
structures made of fragments of cryoglobulin (300 
mJcm-2). 
 

 
 
Figure 3: SEM patterns of cryoglobulin thin films 
obtained by MAPLE (a) at a fluence of 100 mJ/cm2, (b) 
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 at a fluence of 200 mJ/cm2, and (c) at a fluence of 300 
mJ/cm2. 
 
Conclusions 
 

We have summarized a large amount of prior 
experimental data we could conclude that the growth 
rate in MAPLE is lower compared to PLD with MAPLE 
growth rates ranging from 0.001 nm/pulse to 1.1 
nm/pulse. The material absorption at the incident laser 
wavelength could influence the growth rate in a critical 
way. 

Further, we demonstrate in this work that 
MAPLE is suitable for producing cryoglobulin thin 
films with close resemblance to the starting 
cryoglobulin structure. FTIR revealed that spectra of 
samples deposited at fluence of 100 mJcm-2 were the 
closest to dropcast spectra. Our FTIR studies only of 
cryoglobulin amides groups evidenced a large 
degeneracy of the amide groups and their conversion to 
aldehydes and carboacids fragments when increasing 
fluence.SEM investigations have shown that for 
MAPLE-deposited thin films the morphology evolves 
from a continuous uniform aspect, preserving the 
structural integrity (100 mJcm-2) to disordered and 
decomposed structures consisting of fragments of 
cryoglobulin (300 mJcm-2) with increasing fluence. 
These results are an important step for fabricating novel 
test arrays potentially used for a faster, cleaner and more 
accurate diagnosis.  
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