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[bookmark: _Hlk163686918]2.6. The XTT Cell Viability Assay of GO/PAMAM4
The XTT Cell Viability Assay offers a straightforward technique for assessing cellular
metabolic activity as a sign of cell viability, proliferation, and cytotoxicity. The
succinate-tetrazolium reductase system, which is exclusive to metabolically active
living cells, reduces XTT (2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-Tetrazolium-5-Carboxanilide), a tetrazolium derivative, into a water-soluble orange product.
The quantity of live cells in the sample determines how much orange product is
produced. The total amount of mitochondrial dehydrogenases in the sample decreases
as the number of live cells decreases. The absorbance, which measures the quantity of
orange formazan generated, directly coincides with this drop.38 This test was done in a medical laboratory.
1. Method
1.1. Cell Culture
Tumor cell lines used were Hep2, Vero cells and human hepatoma G2 (HepG2) cells. Cultured cells were transferred to 96-well plates (1x104 cells/well) and incubated in RPMI containing 5% FBS, 1% penicillin/streptomycin at 37 ºC in a humidified atmosphere of 5% CO2 for 24 h. The cells were washed with PBS and then treated with freshly prepared RPMI containing GO/PAMAM4 at final concentrations 0.1 mg/mL.
Subsequently, the treated cells were incubated in a humidified atmosphere of 5% CO2 at 37ºC for 24 h. Dimethyl sulfoxide in RPMI (final concentration of DMSO not exceed 1%) was used as a solvent.
1.2. The Cell Viability Test
The XTT assay was used to assess the vitality of the cells. Following cell treatment, 100 µL of new RPMI was added to each well's medium. After adding 50 µL of XTT solution (which is made by adding electron coupling solution to XTT reagent at a 1:50 volume ratio), the mixture was left to incubate for 4 hours. Using a microplate reader, the absorbance at 465 nm was measured to determine the cell viability. The absorbance of the untreated cells was taken to indicate 100% vitality, and an inverted microscope was used to examine the morphology of the cells (n = 8), which was tracked by the absorbance.39
2. Result
To examine the influence of GO/PAMAM4 on Hep2, HepG2 and Vero cells viability, we
carried out an XTT assay. It was observed that treatment of cells with GO/PAMAM4
had no toxic effect on the cells compared to the control group, Fig. S1.
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Fig. S1. The cell viability of a) Hep2 cells b) HepG2 cells c) Vero cells after being exposed to Go/PAMAM4. All data were shown as mean ± SE of 8 independent experiments. (*P< 0.05). 

Abbreviations:
RPMI 1640, simply known as RPMI medium, is a cell culture medium commonly used to culture mammalian cells RPMI 1640 was developed at Roswell Park Memorial Institute.

FBS is an abbreviation for Fetal Bovine Serum

2.8. Adsorption Isotherms and Models 
Thermodynamics of adsorption was analyzed using adsorption isotherms. Adsorption isotherms were studied by the ARIAN model which is an abbreviation for "adsorption isotherm regional analysis model".40,41 This model was introduced by Samiey40 and is used for analysis of adsorption isotherms up to four regions (I to IV). In this work, isotherms included regions I, II and IV, and we explained about them. A comprehensive explanation about the ARIAN model was written in Supplementary Information. The region I of the ARIAN model is studied by the Henry’s law:
                                                                                                                                       (3)
where there is a linear relation between adsorbate concentration and adsorption capacity and K is the binding constant of adsorbate on the adsorbent surface. This equation studies the most active adsorption sites. In this model, region II starts from the starting second region concentration (abbreviated as ssc) point. In region II, monolayer adsorption happens and is analyzed by an appropriate isotherm such as the Temkin equation, etc. The Temkin equation42 is written as
                                                          (4)
Where  is a constant and  is adsorption equilibrium constant.
 The region IV of this model begins where the adsorption capacity reaches the maximum, showing a plateau on the isotherm, or where the isotherm starts to go down.40 The second situation in region IV is named the reverse desorption and obeys the reverse desorption isotherm that was introduced by Samiey.38 Here, region IV showed the maximum. Depending upon the features of adsorbate and adsorption sites, two or more sub-regions may be observed in each of regions II or III or IV of an adsorption isotherm. Each of these sub-regions are called a section and are characterized as IIA, IIB,… for the purpose of differentiation.
Typical adsorption isotherm of DC on GO/PAMAM4 based on the ARIAN model was shown in Fig. 2.
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             Fig. 2. Typical adsorption isotherms of DC on mesoporous adsorption sites of 
                         GO/PAMAM4 in different regions according to the ARIAN model

2.9. Adsorption Kinetic Models and Equations 
There are several equations for study of adsorption kinetics. The intraparticle diffusion equation43 is written as

                                                                                                                          (9)
Where  is the rate constant for intraparticle diffusion and I is the boundary layer thickness.
The KASRA model and KASRA equation44-46 were used for analysis of the adsorption kinetics, too. KASRA is an abbreviation for “kinetics of adsorption study in the regions with constant adsorption acceleration”. The KASRA model is based on the three assumptions for adsorption of an adsorbate species on an adsorption site: (1) each time range that adsorption acceleration in it is constant, is called a "region", (2) there are two regions before reaching the plateau region, and (3) the boundary between the first and second regions is named starting second region (abbreviated as ssr) point and that of between the second and third (plateau) regions is named kinetics of adsorption termination (abbreviated as kat) point. ssr and kat points are determined by the KASRA equation44,45 is given as follows:

                           (10)

where ,  and  are , velocity and time at the beginning of the ith region, respectively and  is the acceleration of adsorption kinetics in the ith region whereas . Each  is a negative value because during adsorption process the adsorbate concentration decreases. In the first region,  and  are equal to zero. The second region begins from ssr point which is assigned with the coordinates  and . Finally, plateau (third) region starts at the equilibrium time, , and equilibrium adsorption capacity,  which are coordinates of kat point. In this region, ,  and  and Eq. (10) is simplified to . Due to different features of the first and second regions, parameters obtained for these two regions like rate constants are different from each other.
In this work, to avoid confusion in relation to the regions in isotherms and kinetic curves, kinetic regions are shown using numbers like region 1, etc. Typical adsorption kinetic curves of DC on GO/PAMAM4 based on the KASRA model were shown in Fig. 3.
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                  Fig. 3. Typical adsorption kinetic diagrams of DC on mesoporous adsorption
                              sites of GO/PAMAM4 at pH=2 based on the KASRA model
  
The ideal-second-order (or abbreviated as ISO) equation45 is given as

                                                                                                    (11)








Where .27 and  are the first- and second-order adsorption rate constants of the ISO equation in each region and are in M-1 mg g-1 min-1 and M-1 min-1, respectively and  (where ), v is the volume of solution (ml), w is the weight of the used adsorbent (g) and M is the molecular weight of adsorbate (mg mole-1). A number of adsorbents have m different adsorption sites and adsorption occurs in sequence on their first, then second, . . . ,  and  sites, respectively. In these cases, there are m kinetic curves and in Eq. (11),  and  are used for  site and for other sites these symbols are replaced with  and , where .  and  are the maximum adsorption capacity of adsorbent and adsorbate concentration after absorption completion on the ith adsorption site, respectively. Thus, the ISO equation is used m times to analyze these m kinetic curves.35
As referred before, based on the KASRA model, there are two regions in adsorption kinetic curves before reaching the plateau which result from non-ideality in adsorption process. In the first one, completely ideal adsorption happens on the bare surface of adsorbent. The progressively changes occurred on the surface of adsorbent in region 1 finally result in emerging another ideal region (region 2) in which adsorption carries out on a partly adsorbate-covered surface. Using the ISO equation shows that region 2 is composed from two another ideal parts that are named 2a and 2b. The first part of the second region, 2a, begins after ssr point and the second one, 2b, starts after starting second part (or abbreviated as sp) point and ends at the kat point.44  Detailed explanation of the ARIAN model equation was written in Supporting Information.
The ISO first-order rate constant of region 1 is shown with  and those of the second region are given with  and , respectively. Also, the ISO second-order rate constant of region 1 is shown with  and those of the second region are shown with  and , respectively. Due to decrease in adsorbate concentration with time, the ISO rate constant of region 1 is greater than part a of region 2 or part 2a, i.e.  and in part b of region 2 (or part 2b), adsorption ends to plateau and due to this sudden change  is greater than both  and  and thus we have . Similarly, for the ISO second-order rate constants we have .
If the ISO rate constant of a step obeys Arrhenius equation, that step is adsorption- or reaction-controlled and otherwise it is called diffusion-controlled. As referred above, in some adsorbents, there are two or more different adsorption sites which lead to observing two or more successive adsorption kinetic curves in an adsorption kinetic diagram. In these cases, region 1, (completely ideal) is only observed in the first adsorption kinetic curve,35 Fig. 3. Detailed explanation of the ISO equation was written in Supporting Information.
Adsorption thermodynamics and kinetics in liquid phase are intrinsically non-ideal. The NIPPON equation is used to determine the exact nature of the boundary of adjacent regions obtained from the KASRA equation.47 The NIPPON equation is written as
                                                                                                             (12)

Where  ,  and  are adsorption capacity, rate constant and time in the starting point of the assumed time range, respectively. When  we have  and then  
                                                                                                                                       (13)

Dimension of natural logarithm argument, , is in  . Equation (12) was derived and introduced by Samiey,47 and was called “non-ideal process of adsorption kinetics equation” or abbreviated as the NIPPON equation. NIPPON is a Japanese name of Japan and means the origin of sun. By taking the first and second derivatives of the NIPPON equation, non-ideal velocity and non-ideal acceleration adsorption kinetic equations, Eqs. (14) and (15), were obtained respectively. These equations are as follows                

                                                                                                                                      (14)                                                              

Where  and  were non-ideal velocity and acceleration of adsorption of adsorbate, respectively. On the other hand, at ,  and  and at  we have 

                                                                                                                                    (16)

                                                                                                                      (17)


Where  and  were non-ideal velocity and acceleration of adsorption of adsorbate at , respectively. In initial time ranges of adsorption process, adsorption is ideal and may comply with the KASRA equation. Detailed explanation of the NIPPON equation was written in Supporting Information. 
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Fig. S2. BET isotherms of (a) as-synthesized GO/PAMAM4 and (b) DC-adsorbed GO/PAMAM4 at pH=2.
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Fig. S3. FESEM images of (a) and (b) pristine GO/PAMAM4 and DC-adsorbed GO/PAMAM4 (c) and (d) at pH=1, (e) and (f) at pH=2, (g) and (h) at pH=3, (i) and (j) at water and (k) and (l) at pH=11. The magnification of the SEM images is 50,000 x.
 
Table S1. Relative magnitude of region I and sections IIA and IIB for DC on GO/PAMAM4 in water, 0.1 M NaCl and acidic solutions at 308–328 K.
	
Solvent
	
T (K)
	
Region I
	
Section IIA
	
Section IIB

	
	
	(site)
	( site)

	
pH=0
	
318
	0.16
	0.36
	0.48

	pH=1
	318
	0.27
	0.47
	0.26

	pH=2
	308
	0.24
	0.30
	0.46

	
	318
	0.21
	0.31
	0.48

	
	328
	0.31
	0.23
	0.46

	0.1 M NaCl
	318
	0.29
	0.31
	0.40

	pH=3
	318
	0.12
	0.88
	–

	Water
	318
	0.34
	0.66
	–




Using GO/PAMAM4 for Selective Separation of Ion Metals and Tannic Acid 
Some practical applications of this separation method for separation of dichromate after qualitative and quantitative determination of metal ions and its separation after separation of polyphenols of tea67 were explained here.
In quantitative and qualitative separation of metal ions, for example, Pb2+ or Ag+ react with CrO42- and after separation of AgCrO4 or PbCrO4 participates, with acidifying solution, chromate changes to dichromate and can be separated from solution. 
In test for determination of total polyphenols of tea (including tannic acid) a mixture of potassium dichromate and concentrated acid is used.67 After finishing test, to separate unconsumed pollutant dichromate ions we can adjust pH at 0-2 and separate remaining dichromate from solution.    

Method of recycling of the used GO/PAMAM4
We weighed 0.005 g pristine GO/PAMAM4 and added 34 ml of  M of DC at pH=2 and the solution were shaken at 100 rpm in a temperature-controlled water bath shaker at 308 K for 6 h. After that, we measured  value of the adsorbent . Then, after emptying supernatant solution, the used adsorbent was washed with distilled water and 15 ml of 0.1 M NaOH was added to it and after half an hour the yellow supernatant (chromate solution) was discarded and participate (first-round recycled adsorbent) was washed with distilled water and the precipitate was dried at room temperature.
Then, we weighed 0.0039 g of dried precipitate (first-round recycled adsorbent) and were added 26 ml of  M of DC under the same condition as the first test.  and separation percentage was 95%. Then, the precipitate was similarly recycled and second-round recycled adsorbent was obtained. 
In the third test, we added 19 ml of  M of DC solution to 0.0028 g of precipitate (second-round recycled adsorbent) and under the same condition as the first test.  and separation percentage was 92%. Then, the precipitate was similarly recycled and third-round recycled adsorbent was obtained.
In the fourth test, we added 11.5 ml of  M of DC solution to 0.0017 g of precipitate (third-round recycled adsorbent) and under the same condition as the first test.  and separation percentage was 94%. 
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