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Abstract The series of adducts of magnesium beta-di-

ketonates with diamimes namely Mg(thd)2(tmeda) 1 and

four new complexes Mg(thd)2(tmpda) 2, Mg(thd)2(pda) 3,

Mg(ptac)2(tmeda) 4, Mg(tfac)2(tmeda) 5 [beta-diketo-

nates = R1C(O)CHC(O)R2: thd (R1 = R2 = tBu), ptac

(R1 = tBu, R2 = CF3), tfac (R1 = Me, R2 = CF3);

diamines = R2N(CH2)nNR2: tmeda (n = 2, R = Me),

tmpda (n = 3, R = Me), pda (n = 3, R = H)] were syn-

thesized in order to investigate the influence of both ligand

types on the thermochemical properties of these com-

pounds. The thermal behavior of the complexes in the

condensed phase was investigated by thermogravimetry

and differential scanning calorimetry; the thermodynamic

parameters of phase transitions were determined. The sat-

urated vapor pressure of solid complexes Mg(thd)2(tmeda)

and Mg(tfac)2(tmeda) were measured by the transmission

method giving the enthalpies and entropies of sublimation

processes. The reliable thermodynamic data for compound

Mg(thd)2(tmeda) were obtained with the assistance of

X-ray diffraction and the static method of saturated and

unsaturated vapor pressure measurements.
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Introduction

Metal-organic chemical vapor deposition (MOCVD) of

magnesium oxide have been intensively developed for the

last few decades due to wide use of MgO thin films as

buffer, dielectric, optical, protective, or emissive layers in

microelectronics [1–4].

The choice of volatile meta-organic compounds (pre-

cursors) plays the key role in successful realization of

MOCVD processes because the experimental conditions

and film characteristics are determined by thermochemical

properties of volatile precursors. A great number of orga-

nometallic and coordination compounds containing

(O,C,N)-ligands of various organic classes (alkyls, alkox-

ides, beta-diketonates, beta-ketoiminates, carbamates, cy-

clopentadienyls, diamines, etc.) have been used as MgO

MOCVD precursors [1–3, 5–14].

Among them, the adducts of magnesium beta-diketo-

nates with diamines Mg(beta-diketonato)2(diamine) are

one of the most perspective class due to their synthetic

accessibility, and good volatility and stability in the con-

densed and gas phases [3, 13, 15]. Beside that, the thermal

properties of these complexes potentially could be varied in

the wide range by simple modification of two ligand types:

beta-diketonates and diamines. The effects of ethylenedi-

amine derivatives on the structures and thermal behaviors

of the Mg(thd)2(diamine) and Mg(hfac)2(diamine) type

complexes were studied by Hatanpää [15] and Marks [3],

respectively. So, the idea of the present work was the

transition from ethylenediamine derivatives to propylene-

diamine ones on the ‘‘Mg(thd)2’’ core and transition to
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beta-diketonates containing CF3- and unfluorinated sub-

stitutes on the ‘‘Mg(diamine)2’’ core. It should be noted

that fluorinated complexes also could be used as MOCVD

precursors to form the oxide films at introduction of water

vapors to the deposition zone [3]. Moreover, the complexes

with fluorinated beta-diketonates are perspective as the

universal precursors for deposition of oxide or fluoride

phases depending on the experimental conditions [16].

Herein, the aim of our work was the investigation of

ligand influence on the thermochemical properties of

Mg(beta-diketonato)2(diamine) compounds. Mg(thd)2

(tmeda) 1 [13, 15] was the model complex, while both

ligand types were varied yielding four new complexes

(Fig. 1; the abbreviation are listed in Table 1). The diamine

change was illustrated by Mg(thd)2(tmpda) 2 and

Mg(thd)2(pda) 3 compounds; beta-diketonate change was

presented by Mg(ptac)2(tmeda) 4 and Mg(tfac)2(tmeda) 5

complexes (Fig. 1). Thermal properties of the obtained

compounds in condensed phase were studied by thermo-

gravimetry and differential scanning calorimetry. The

thermochemical properties of complex 1 were published

previously [17]; in our work, these data were clarified with

the help of X-ray diffraction analysis and two independent

methods of saturated vapor pressure measurements: tran-

spiration and static. Also, the saturated vapor pressure on

the solid complex 5 was investigated by the transpiration

method as first the example of such precise investigations

of the magnesium complexes with fluorinated ligands.

Experimental

All chemicals were commercially available products of

reagent grade and used without further purification. Magne-

sium beta-diketonates (Mg(thd)2(H2O)2, Mg(ptac)2, and

Mg(tfac)2(H2O)2�1.5H2O) were synthesized by previously

reported procedure [18]. The CHN analysis of compounds 1–3

was performed using Model CARLO-ERBA-11008 elemen-

tal analyzer; the CHNF analysis of compounds 4 and 5 was

carried out in Vorozhtsov Novosibirsk Institute of Organic

Chemistry SB RAS [19, 20]. The error of determination for

both methods did not exceed 0.5 %. 1H NMR spectra were

recorded using Bruker Avance-500 instrument (500.13 MHz)

for solutions of individual compounds in CDCl3. The IR

absorption spectra within the range 4,000–400 cm-1 were

recorded in KBr tablets for complexes 2–5 and in a thin layer

between KBr glass plates for the liquid free diamines. The

attribution of absorption bands was performed using literature

data [21, 22].

Mg(thd)2(tmeda) (1) was obtained as described in [13]

with purification by recrystallization from toluene. Yield

80 %. Anal. Calcd. for C28H54O4N2Mg: C, 66.3; H, 10.7;

N, 5.5. Found: C, 66.9; H, 11.1; N, 5.3.

Mg(thd)2(tmpda) (2), Mg(thd)2(pda) (3), Mg(ptac)2

(tmeda) (4), and Mg(tfac)2(tmeda) (5) were synthesized by

a modification of literature method [15]. Magnesium beta-

diketonate (1–1.5 mmol) and hexane (10–15 mL) were

placed in Wurtz flask. Nitrogen flow was passed through

the mixture under stirring at room temperature for 0.5 h,

and then the excess of diamine was added. The main part of

white solid dissolved immediately, but the reaction mixture

was stirred under nitrogen flow for additional 1 h. The

resulted solution was filtered, and the solvent and unreacted

diamine were removed in vacuo (for compounds 2 and 3)
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Fig. 1 The structure of

compounds studied

Table 1 The chemical abbreviations used

Abbreviation Title; formula

thd 2,2,6,6-tetramethylgeptanedionato-3,5;
tBuC(O)CHC(O)tBu

hfac 1,1,1,5,5,5-hexafluoropentandionato-2,4;

CF3C(O)CHC(O)CF3

tfac 1,1,1-trifluoropentandionato-2,4;

CF3C(O)CHC(O)Me

ptac 1,1,1-trifluoro-5,5-dimethylhexanedionato-2,4;

CF3C(O)CHC(O)tBu

en ethylenediamine; H2N(CH2)2NH2

tmeda N,N,N0,N0-tetramethylethylenediamine;

Me2N(CH2)2NMe2

teeda N,N,N0,N0-tetraethylethylenediamine;

Et2N(CH2)2NEt2

pda propylenediamine, 1,3-diaminopropane;

H2N(CH2)3NH2

tmpda N,N,N0,N0-tetramethylpropylenediamine;

Me2N(CH2)3NMe2
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or under nitrogen flow (for compounds 4 and 5). The crude

products were purified by recrystallization from hexane. IR

and 1H NMR data are summarized in Table 2.

Mg(thd)2(tmpda) (2). From 0.66 g (1.55 mmol)

Mg(thd)2(H2O)2 and 0.52 g (0.77 mL, 5.10 mmol) tmpda

0.60 g (1.15 mmol), compound 2 was obtained. Yield

74 %. Colorless crystals. Anal. Calcd. (at.%) for C29H56-

O4N2Mg: C, 66.9; H, 10.8; N, 5.4. Found: C, 67.1; H, 10.8;

N, 5.4.

Mg(thd)2(pda) (3). From 0.45 g (1.05 mmol)

Mg(thd)2(H2O)2 and 0.16 g (0.18 mL, 2.10 mmol) pda

0.40 g (0.86 mmol), compound 3 was obtained. Yield

82 %. Colorless crystals. Anal. Calcd. (at.%) for C25H48-

O4N2Mg: C, 64.6; H, 10.4; N, 6.0. Found: C, 64.3; H, 10.4;

N, 6.1.

Mg(ptac)2(tmeda) (4). From 0.40 g (1.00 mmol)

Mg(ptac)2 and 0.14 g (0.18 mL, 1.20 mmol) tmeda 0.46 g

(0.87 mmol), complex 4 was obtained. Yield 87 %. Col-

orless crystals. Anal. Calcd. (at.%) for C22H36F6O4N2Mg:

C, 49.8; H, 6.8; N, 5.3; F, 21.5. Found: C, 49.6; H, 6.6; N,

5.0; F, 21.5.

Mg(tfac)2(tmeda) (5). From 0.40 g (0.97 mmol)

Mg(tfac)2(H2O)2�1.5 H2O and 0.14 g (0.18 mL,

1.20 mmol) tmeda 0.36 g (0.80 mmol), complex 5 was

obtained. Yield 80 %. Colorless crystals.Anal. Calcd.

(at.%) for C16H24F6O4N2Mg: C, 43.0; H, 5.4; N, 6.3; F,

25.5. Found: C, 43.0; H, 5.4; N, 6.2; F, 25.6.

TG investigation of compounds 1–5 was carried out

using thermoanalizator Netzsch STA 409 PC/PG (He,

20 mL min-1, 10 K min-1, 298–873 K, sample mass

11 mg). Calorimetric measurements were performed using

a Setaram DSC 111 (0.5–1.0 K min-1; sample mass

13–25 mg) to define thermodynamic characteristics of

phase transition (Ttr, DtrH). The errors in the heat effect

measurements estimated from calibration experiments

(C6H5COOH, In) were less than 1.5 %. During measure-

ments, the investigated substances were contained in

evacuated glass ampoule. Three-five calorimetric experi-

ments were carried out for each compound. The obtained

thermodynamic characteristics are presented in Table 2.

The temperature dependencies of saturated vapor pres-

sure for complexes 1 and 5 were measured by transmission

Table 2 The characterization of complexes 2–5 and free diamines

Compound Characterization

IR spectrum (KBr; x/cm-1)

tmpda 2970vs 2943vs 2857s (m(C–H)CH2); 2813vs 2762vs (m(C–H)N–CH3); 1461vs (d(C–H)N–CH3); 1378m;

1304m; 1261s; 1202m; 1172s 1135m (m(C–N)); 1097m; 1078s; 1041vs; 1004m; 967m; 844m; 825m;

749w; 544w

Mg(thd)2(tmpda) 2 2961s 2868m 2832m (m(C–H)); 1615s 1592vs (m(C=O) ? m(C=C)); 1540m 1509vs 1463m 1420vs 1358s

(m(C=O) ? m(C=C) ? d(C–H)); 1286vw; 1270vw; 1250w; 1227w; 1183m; 1140w; 1012w; 967w;

870m; 792w; 752w; 613w; 497w 475w (m(Mg–O); 422vw

pda 3358s 3282s 3192m (m(N–H)); 2924vs 2854vs (m(C–H)); 1600s (d(N–H)); 1470w; 1435w; 1388m; 1316s;

1092m; 1069m; 865vs (q(NH2)); 515w

Mg(thd)2(pda) 3 3367vw 3304w 3285w 3238vw 3200vw (m(N–H)); 2961s 2926m 2902m 2873m (m(C–H)); 1620m 1592vs

1580s (m(C=O) ? m(C=C) ? d(N–H)); 1540m 1508vs 1478m 1453vs 1427vs 1388m 1357s

(m(C=O) ? m(C=C) ? d(C–H));1322vw; 1308vw; 1283vw; 1270vw; 1245m; 1225m; 1181m; 1139m;

1113w; 1071w; 1018m; 972m; 908vw; 890m; 868s (q(NH2)); 792m; 752m; 610w; 564vw; 494m 475m

(m(Mg–O); 455vw; 422vw

tmeda 2972vs 2944vs 2859s (m(C–H)CH2); 2815vs 2765vs (m(C–H)N–CH3); 1462 vs(d(C–H)N–CH3); 1335w;

1265m; 1156m, 1139m (m(C–N)); 1097w; 1034s; 936w; 875w; 833m; 786w

Mg(ptac)2(tmeda) 4 3005w 2974m 2912w 2879w 2848w 2803w (m(C–H)); 1644vs 1628vs (m(C=O) ? m(C=C)); 1589w

1542m 1517vs 1504s 1463s 1445m 1392m 1364m (m(C=O) ? m(C=C) ? d(C–H)); 1304vs 1254s

1185vs 1162vs 1136vs 1116m (m(C–F) ? d(C–H)); 1060vw; 1031m; 1016w; 954m; 850m; 795m;

762w; 734vw; 692m; 579m (m(Mg–O); 521vw; 479m (m(Mg–O); 440vw; 415vw

Mg(tfac)2(tmeda) 5 3011w 2977w 2893w 2848w 2803w (m(C–H)); 1646vs (m(C=O) ? m(C=C)); 1516vs 1463m 1362s

(m(C=O) ? m(C=C) ? d(C–H)); 1290vs 1217m 1187s 1133vs (m(C–F) ? d(C–H)); 1062vw; 1026m;

951m; 852m; 797m; 774m; 727m; 568m 478vw (m(Mg–O); 420m
1H NMR spectrum (CDCl3; d/ppm, J/Hz)

Mg(thd)2(tmpda) 2 1.04s (36H, 4tBu), 1.18s (4H, NH2), 1.64 quint. (2H, CH2, J = 7.4), 2.22s (12H, 2 NMe2), 2.30 t (4H,

2CH2N, J = 7.4), 5.50s (2H, CH)

Mg(thd)2(pda) 3 1.05s (36H, 4tBu), 1.18s (4H, 2 NH2), 1.61 quint. (2H, CH2, J = 5.3), 2.98 br.t (4H, 2CH2N, J = 5.3),

5.45s (2H, CH)

Mg(ptac)2(tmeda) 4 1.05s (18H, 2tBu), 2.25 br.s (12H, NMe2), 2.54 br.s. (4H, CH2N), 5.72s (2H, CH)

Mg(tfac)2(tmeda) 5 2.00s (6H, COMe), 2.23 br.s (12H, NMe2), 2.49 br.s. (4H, CH2N), 5.61s (2H, CH)
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method. The used setup details of measurements and cal-

culations are described in [23, 24]. The experiments were

carried out in atmosphere of helium as a dry inert gas

carrier in temperature ranges 373–483 K and 333–363 K

for complexes 1 and 5, respectively. The helium flow rates

were ranged from 0.9 to 1.8 l h-1. Total uncertainty of this

method was not above 5 % with accuracy in the mainte-

nance of temperature 0.5 K, the uncertainty in the mea-

surement of flow rate 2 %, and in mass registration

5 9 10-4 g.

The static method with membrane zero manometer was

employed to measure saturated and unsaturated vapor

pressure of solid complex 1 in temperature range

422–472 K. The detailed experimental procedures and

description of setup are presented in [25]. The pressure and

temperature measurement uncertainties were less than

40 Pa and 0.5 K, respectively. The processing data were

carried out by least squares method with the criterion

function based on the principle of maximal likelihood [26].

X-ray diffraction (XRD) analysis of polycrystals was

performed on Shimadzu XRD-7000 diffractometer (Cu

K-alpha radiation, Ni-filter, 5–60� 2h range, 0.03� 2h step

size, 1 s per step). Polycrystalline samples were slightly

ground in an agate mortar, and the resulting powder was

deposited on the polished side of a standard quartz sample

holder cover with vaseline oil. To obtain the diffraction

pattern for the structure of complex 1 after the phase

transition at 420.7 K, we used the following procedure.

The portion of complex 1 was placed into quartz ampoule,

brought to pressure 1.333 Pa, sealed and then heated tube

furnace at 433 K for 2.5 h. Then, it was rapidly cooled by

dipping into the liquid nitrogen and opened. The powder

of complex 1 was prepared to XRD experiment as descri-

bed below. The theoretical diffraction patterns of com-

plexes Mg(thd)2(tmeda) and [Mg(thd)2]2 were calculated

from the single-crystal XRD data available in the Cam-

bridge Structural Database (CSD codes GUHPUU and

XOJTEV, respectively).

Results and discussion

Synthesis of the complexes and their thermal properties

in the condensed phases

The model Mg(thd)2(tmeda) 1 complex was synthesized by

previously reported one-pot synthesis in water–ethanol

solution [13], while to obtain the other compounds 2–5, it

was necessary to separate the corresponding magnesium

beta-diketonate like in [15]. Opposite to the work [3]

reported the successful one-pot synthesis for Mg(hfac)2

(diamine) complexes, all attempts to obtain complex 4 with

ptac-ligand by this method led to the separation of

(H2tmeda)[Mg(ptac)3]2 6 [27]. This result could be

explained in terms of the low solubility of complex 6,

while the analog phases for hfac are more label and, so, the

reorganization of the structures could occur forming the

desired adducts. This assumption may be confirmed by the

preparing compound contained Hteeda? cation and

Mg(hfac)3-anion and also by relatively low yields

(40–65 %) of hfac adducts with other diamines described

in the work [3].

It should also be mentioned that according to our results

and the previous data [3, 15], all tmeda-adducts are stable

while keeping at air, whereas complexes contained pro-

pylenediamine derivatives (compounds 2 and 3) decom-

pose giving magnesium beta-diketonate during the storage.

The data of elemental CHN analysis have shown that 50 %

decreasing of the nitrogen content for complex 3 was

achieved after 1 month storage, while that for complex 2

was only 1 week.

The mass loss curves for complexes 1–5 are presented in

Fig. 2. All complexes transfer into the gas phase leaving

less than 2 % residue. The DTG curves for complexes 4

and 5 exhibit only one peak indicating that the vaporization

processes are clear. The two peaks on DTG curves for

complex 1–3 testify the fact that their vaporizations are

accompanied by the decomposition processes (i.e., the

dissociation to the magnesium beta-diketonate and dia-

mine). This fact have been already noted for the

Mg(thd)2(diamine) [15] generating the interest to the

detailed investigation of the stability of Mg(thd)2(tmeda) as

the most attractive to MOCVD [28]. It was shown that at

the ‘‘right’’ conditions, the sublimation without decompo-

sition could be achieved [15, 17]. Comparison of the sta-

bility of adducts with ethylenediamine derivatives and that
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Fig. 2 TG curves for compounds investigated: m/m0 mass loss.

1—Mg(thd)2(tmeda), 2—Mg(thd)2(tmpda), 3—Mg(thd)2(pda),

4—Mg(ptac)2(tmeda), 5—Mg(tfac)2(tmeda)

852 E. S. Vikulova et al.

123



for propylenediamine ones has shown that the decompo-

sition of the latter complexes is more intensive (the steps

on the mass loss curves, Fig. 2). In our opinion, this fact is

concerned with stress accumulation in the appropriate

chelate cycles: according to single-crystal XRD data, the

NMgN chelate angle significantly increases from 79.51(8)�
(1) to 85.18(5)� (3) and 89.46(10)�(2) (some structural

information are presented in Supplementary material). The

same order was observed for the ‘‘life times’’ of complexes

at air and for clarity of the steps on the mass loss curves

(Fig. 2) and their derivatives. The strong decomposition of

complexes with pda and tmpda ligands does not allow us to

make of any conclusions about the relative volatility of

investigated complexes with ‘‘Mg(thd)2’’ core.

Summing the presented results with data of Hatanpää

[15] and Marks [3], we could conclude that the ‘‘slight’’

change in the diamine ligand (i.e., the replacements of

substitutes on the nitrogen atom from H to Me, Et or their

combination) does not lead to principal changes of

Mg(beta-diketonato)2(diamine) volatility and stability. The

changing of the diamine chelate cycle size (ethylenedia-

mine ? propylenediamine derivatives, the present work)

and transition to poliamines (ethylenediamine ? dimeth-

ylethylenetriamine, etc., [15] ) result in the decrease of

adduct stability.

Comparing thermal behavior of complexes 1, 4, and 5,

we could conclude that adducts of fluorinated beta-diket-

onates are more stable under the heating probably due to

the more strong attraction between diamine ligand and

magnesium beta-diketonate core as a result of the forma-

tion of larger positive charge on magnesium atom under the

influence of electron-acceptor group CF3. In general, the

thermogravimetry data do not allow us to construct the

qualitative sequence of volatility for complexes 1, 4, and 5.

The results of DSC investigation for complexes are

presented in Table 3. As it was expected, complex 5 with

fluorinated beta-diketonates melts at lower temperature

than compounds with thd-ligand. The melting point of

complex 2 containing methyl substitutes on nitrogen atoms

is higher than that of its hydrogen-substituted analog

(complex 3); however, the enthalpies of melting processes

are close. Concerning analog compounds with ethylenedi-

amine derivatives, Mg(thd)2(en) melted at 425 K [15],

whereas some different data were published for

Mg(thd)2(tmeda) 1: 373 K [13], 418 K [17], and 425 K

[15]. The DCS investigation has shown that complex 1 has

two endothermic peaks at 420.7 and 489.0 K (Fig. 3).

Heating sample was stopped after first peak, and we have

convinced visually that the substance was not melted.

Therefore, this peak corresponds to the solid–solid phase

transition. This transition is reversible because it also

occurs during cooling of the sample. A detailed XRD study

has been carried out to clarify the nature of this phase

transition (Fig. 4). The diffraction pattern of complex 1

powder corresponds to the theoretical one (Fig. 41a and 1c

curves). To obtain the diffraction pattern for the structure

of complex 1 after the phase transition studied, the com-

pound was kept at 433 K for several hours, and then the

sample was rapidly cooled in liquid nitrogen. The signifi-

cant changes in the diffraction pattern are observed

(Fig. 41a and 1b curves). It could be seen from Fig. 4 that

the decomposition of complex 1 with formation of

[Mg(thd)2]2 does not take place in this case. Herein, the

phase transition at 420.7 K is structural. So, complex 1

melts only at 489.0 K. The thermodynamic parameters of

this process are rather low. This fact is connected with

structural reconstruction during the endothermic phase

transition before melting. In general, complexes

Mg(thd)2(tmeda) 1 and Mg(thd)2(en) also satisfy the

observation mentioned above that Mg(thd)2 adducts with

N,N,N0,N0-tetramethyldiamines melt at higher temperatures

than their analogs with primary diamines.

Vapor pressure investigation

Complexes 1 and 5 were chosen for saturated vapor pres-

sure measurements as ones of the most volatile compounds

according to TG data. The transpiration method was

employed for this study as the most close to the MOCVD

experimental conditions in the flow-type reactors. As the

saturated vapor pressure data for complex 1 were published

earlier, we appealed to the static method as the second

independent investigation technique. The experimental

data are shown in Fig. 5. The p(T) equations, enthalpies,

and entropies of sublimation processes are presented in

Table 4.

For complex 1, the measurements were carried out by

transmission method in the temperature range up to struc-

tural phase transition (373–413 K). The mass of compound

left the source, and mass of compound condensed in the

receiver differed insignificantly during up to 20 h indicat-

ing the absence of any noticeable decomposition processes.

The results of elemental analyses of sublimates also did not

differ from pure complex 1. So, the temperature range

373–413 K could be used as evaporator temperature in the

CVD apparatus of flow type (used the carrier gas).

Saturated vapor pressure was measured by the static

method with membrane zero manometer at temperatures

between phase transition and melting (422–475 K). Three

experiments with different ratios of the sample mass to the

volume of manometer chamber (4.7, 0.31, and 0.19 g L-1)

were carried out. The results obtained for saturated vapor

were independent on these ratios; therefore, the equilibrium

studied was invariant. The unsaturated vapor pressure of

compound 1 was measured in two independent experiments

(0.31 and 0.19 g L-1). The average molecular masses of
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gas calculated from these experimental data (505 and

508 g mol-1) were close to the theoretical value

(507.06 g mol-1); it was the evidence of the absence of

other molecular forms in the gas phase. At higher tem-

peratures ([484 K, after the melting process), the molar

mass values decreased due to significant decomposition of

the compound 1.

The results obtained by transmission and static methods

are coincided within the method uncertainties. The

enthalpy and entropy of the structural phase transition

calculated using vapor pressure measurements are in good

agreement with the values obtained by DSC (Table 3). This

fact confirms the correctness of vapor pressure data. The

significant difference between our results and those

obtained by Nagaraja and co-workers [17] (Fig. 5) could be

explained by the standard overstating of the vapor pressure

values characterized for the thermogravimetric modifica-

tion of the transmission method.

Table 3 Thermodynamic parameters of phase transitions for compounds 1–3, 5

Compound Phase transition Melting

Ttr/K DtrHTtr/kJ mol-1 DtrS
�
T tr

DtrS8Ttr/

J mol-1 K-1

m.p./K DmeltHm.p./

kJ mol-1
DmeltS

�
m:p:DmeltS8m.p./

J mol-1 K-1

Mg(thd)2(pda) (3) – – – 409.0 ± 0.5 31.1 ± 0.2 76.0 ± 0.5

Mg(thd)2(tmpda) (2) – – – 425.6 ± 0.5 38.1 ± 0.3 89.6 ± 0.6

Mg(thd)2(tmeda) (1) 420.7 ± 0.5 14.9 ± 0.2

17.3 ± 3.1a

35.4 ± 0.4

36.3 ± 6.0a

489.0 ± 0.5 8.2 ± 0.4 16.8 ± 0.7

Mg(tfac)2(tmeda) (5) – – – 365.2 ± 0.5 25.2 ± 0.5 69.0 ± 0.6

a Calculated values using vapor pressure data
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Fig. 4 The diffraction patterns of complexes 1 Mg(thd)2(tmeda)

(1a—before the phase transition at 420.7 K; 1b—after this temper-

ature; 1c—calculated on the base of single-crystal XRD data) and

[Mg(thd)2]2 (0, calculated on the base of single-crystal XRD data)
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complexes 1—Mg(thd)2(tmeda) [transmission method (a), static

method (b), data [17] (c)] and 5—Mg(tfac)2(tmeda); p0 = 101,325 Pa
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Concerning the investigation of sublimation process of

complex 5 by transmission method, the two details should

be noted. The first fact is the absence of difference between

the mass changes in the source and receiver during all

experiments. Second, the values of saturated vapor pressure

are rather high at relatively low temperatures. So, the

introduction of fluorinated tfac ligands instead of thd-ones

(compounds 5 vs. 1) increases complex volatility and the

stability of its particles in the gas phase. The quantitative

volatility sequence is the following (366 K): Mg(tfac)2

(tmeda) (46.3 Pa) � Mg(thd)2(tmeda) (0.533 Pa). The

similar correlation between volatilities of thd- and tfac-

containing complexes also was observed for beta-diketo-

nates of copper(II) [29], ruthenium(III) [30], and haf-

nium(IV) [31]. So, it may be supposed that in this case, the

volatility of complexes is determined by the beta-diketo-

nate ligand nature and does not depend on the nature of

metal atom.

Conclusions

The present investigation was undertaken to study the

influence of ligand nature on the thermal properties of

magnesium complexes of Mg(beta-diketonato)2(diamine)

type as promising MOCVD precursors. Herein, a series

of such compounds (beta-diketonato = thd, diamine =

tmeda 1, tmpda 2, pda 3; diamine = tmeda, beta-diketo-

nato = ptac 4, tfac 5) were synthesized and characterized.

In condensed phase, Mg(thd)2(tmeda) 1 and Mg(ptac)2

(tmeda) 4 have the a structural solid–solid phase transitions

before melting in contradistinction to other magnesium

complexes studied. For compound 1, it was shown using

XRD method that this phase transition is structural. Among

the complexes containing the same diamine (tmeda), com-

pounds with fluorinated ligands 4 and 5 melt at the lower

temperatures. Among the compounds containing unfluori-

nated beta-diketonate thd, complexes with methylated dia-

mines melt at higher temperatures than their analogs with

primary diamines instead of the diamine type.

The thermogravimetric investigation has shown

that adducts with propylenediamine derivatives, i.e.,

Mg(thd)2(pda) 3 and Mg(thd)2(tmpda) 2, transfer into the

gas phase with significant decomposition. The investiga-

tion of storage of these complexes has indicated that the

process of diamine dissociation occurs. This fact is sup-

posed to be associated with the large values of NMgN

chelate angle. The magnesium adducts of fluorinated beta-

diketonates (tfac, ptac) are stable toward heating and

keeping.

The saturated vapor pressure investigation has shown

that complex 5 with fluorinated tfac ligand is much more

volatile than its thd-containing analog 1. In the transmis-

sion method conditions, complex Mg(thd)2(tmeda) 1

decomposes insignificantly up to the structural phase

transition. So, the temperature range 373–413 K may be

used for the evaporators of MOCVD apparatus. Then, the

process of diamine dissociation proceeds more intensively;

nevertheless, the vapor phase composition could be con-

trolled as it was indicated by the investigation of unsatu-

rated vapor pressure. The decomposition process becomes

dramatic after the melting. The accuracy of the quantitative

data presented for volatility of Mg(thd)2(tmeda) was con-

firmed by the good correlation between the results obtained

by saturated vapor pressure measurements and DSC.

The information presented in this paper could be useful

for obtaining of MgO thin films by MOCVD.
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